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Indnstrji/y Volfune 5, N timber ], July, 1935. 


The Transmission of Spirochaeta Theileri to 
a Blesbuck (Damaliscus Alhifrons). 


lly W. U. NKJI’Z, A eterinnry RestHircli Officer, 

( ^lulerstepooii 


Ink pivs(Mi(‘(‘ of s[)iro<'luieies h\ aiilelo])es was fiisi desciified by Bruce 
aud his co-u orkcTs in a buslibuck {Ti ayclaph us j<crf/)tus) in Uganda 
(1911). I’odd and W(dba< h (1912) recorded the presence of s 2 )iro- 
(diaeles in a roan antelope (H tppof rayus ('f/ui)iu.s) in tlie Gambia. 
Spirochaetes were also found l)y vSchweiz aud (kdlart (1929) in blood 
smears of an ajitelope {(-ohus cardoni) in the Ibdgian (\)ng'o. 

Uodd (190()) came to the conclusion tliat (he blood s[>ii'ochaetes 
found in horses and shee[) aie identical with Sp. thci^cr! id cattle. 

In order to ascertain whether antelopes are susceptible to Sp, 
Ihcilcri a splenoctojiiixed blesbu(*k AvhicJi had been experimentally 
infected with Anaplaatna tnarginale was utilized. Blood smears from 
this animal had been examined daily for a ])(u*iod of nine months and 
apart trom A, niaryinalc no otlier blood parasites were ol)served. 

Blood from a ('ow in which Sp, fhcHcn could be demonstrated 
nji(’ros(^opically was injeided subcutaneously into this blesbuck. From 
the 5th to the 13th day after injection a fair numbt*r of si)iro(diaete8 
identical with Sp, fhcilcri could be demonstrated. The animal did 
not show any ill effects as result of the infection. 

doncluslnn.- -li was possible to infect the l)lesbuc*k with Spiro- 
chacUi ihcilcri from cattle. 
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Bovine Anaplasmosis : The Transmission of 
Anaplasma Marginale to a Black-Wilde- 
beest. {Conochaetes Gnu). 


Hy W. U. NEITZ, B.V.Sc., Veterinary llesearrh Officer, 
()jiflerste]K)ori. 


rxT«oi)U(rnoN. 

I\ 1981.? Neiiz and du Voit 7*eporied on the susceptihility of the 
hleshuck (Jhimaltscus albtfrous) aJid the duiker (Sylrirapra yrttnmi 
f/rnnini L.) to Ana/dasmosis. Since Ihen it has been found that 
anothei* Souili African Anteloj)e, ihe Blaek-Wildeheest ivS also siis- 
ceplildt* lo Anaplasma rnaryi nalc . 

KxPKRI^fENTAn ( )nSKH VA 170 NS. 

A hlac'k-wildebeesT was (d)tainecl from tlie farm Spesboiia, Geneva 
Slation, ()ran<ie Free Siale, and arrived a1 Ondersiopoort on the 
‘J5ih .lune, 1!)82. it is noi known to what exient ticks occuir in that 
area but on arrival no tic ks could be found on the animal. During* 
the time that the animal was in experiment it was kept in an 
a])parently tick free camp. In the beginning* tlu' animal w^as very 
wild but later hecanne so tame that it would lie down and patiently 
wait for its temperature to be taken and for vsmears to be i)repared. 

E.rprnmcnl (IV (S. 47()2.) 

Ohject. To ascertain whether it is possible to demonstrate 
mic*!‘oscopically blood parasites belonging to the fannlies Babesidae, 
Theihu idae and Anaplasmidae in the black-Avildl)eest . 

d/c’/Z/o/f.-— Blood-smears were examined tw ice weekly for a period 
of six 3]ionths. 

Result . — No blood ])arasites could be demonstrated during this 
j)eriod. 

Ka-periment (2). (S.4958.) 

Ohjccl. — Vo transmit R. hiyeminum, Tli. iiivtans and A 
marginale to the black-wildebeest. 

Mel hod. — 20 Blood from calf 4000 which harboured 

P. bigerninnm, Th. mutans and a virulent strain of .4. marginale was 
injected subcutaneously into black-wildel>eest 5198 (Fig 1). 
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DOVINE ANAPLASMOSIS. 


Remit , — It was not possible to demonstrate P, bigennnum and 
Th, mutaiis mic*roscopi<jally Imt on the ?18tli day after subino<;n]ation 
A, imirgwalc appeared and could be demonstrated for a period of 17 
days. Up to 2 per (‘ent. of the erylhrorytes were infected. The 
animal did not manifest any clinical symptoms, no temperature 
reaction and no anaennc c;hanf?es in the blood. 

Ex peri w eni ( ) . 

Object. — (1) I'o ascertain whether a lateni intection of 
P. higeminuni, Th. nivtaiis exisled in black-wildebeest. 

(2) (a) To confirm the diagnosis of A. /ruirgmale. 

(h) To note whether the virulence and morphology of A . 
marginale w^as changed through passage. 

Method . — 10 c.c. Blood from black-wildbeest was injected sub- 
cutaneously into two six-months-old calves 5214 and 5271 reared 
under tick free conditions. 

I'Ain.E . — Experiments (2) nnd 


] 

D.O.B. No. 
of animal. 

1 1 

Date of 
injection. 

Jnject-cMl 

from. 

Incubation 
period in 
days of 

A. marginaie. 

Jiemarks. 

Black - wilde- 
beest 5193 

1/2/33 ! 

4660 

38 

No. clinical symtoms. No anae- 
mic chanfitcs. 

Calf 5214.... 

25/4/33 

5193 i 

1 

J 

27 

Tyiiieal anaplasmosis ivaetion 
with marked anaemic changes 
in blood. 

Calf 5271.... 

5/6/33 

6193 

22 

1 

No clinical symptoms. Marked 
anaemic changes in blood. 


Result. — P. bigemimw} and Th. vtutans (X)uld not be 
demonstrated in Ihe above two calves. After an incubation period of 
27 days in case of 5214 and 22 days in case of 5271 A. margrnale 
appeared. Both animails showed temperature reactions and marked 
anaemic changes. Calf 5214 showed listlesvsness, inappetence and 
constipation and was treated satisfactorily with a purgative. Both 
calves were found later to be susceptible to P. bigemmuui and Th. 
muians when injected with known infective blood. 

CONOIATSJONS. 

1. It Avas found that the black-wildebeest is susceptible to A. 
margrnale but no clinical symptoms were noticed. 

2. Neither P. higeminnm nor Th. vinfans could be transmitted 
to the black-wildebeest. 

3. .4. marginalc neither lost its virulence nor its characteristic 
morphology by passage through the black-wildebeest. 
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4. The fact ihal the black-wildoheest is susceptible to A. iiuir- 
iHHdlc but refractive to P. higvmiuum auJ Th . muUtvs, indicates that 
this aiitel()])e can also be utilized for separati!if>‘ these three parasites 
whi(*h usually o(*cur tof>*ether in South Africa and thus obtaining pure 
infection of .4. tnarcj inale. 


PKPKUKNdKS. 

NKITZ, W. O., AM) 1)1’ T()I1\ P. (19^2). B()\iiU‘ AnM})ljisii»osis : A MetboJ 
oi obhnning Pure Stnuns of Anaphiatiui inari/tnaJc ami AnnyUnmia 
by transmission throujili antelopes. JS^/t Dir. Vel. Scrv. 

<ni(( An. hid. Pnion of South Afriea, pp. -‘1-20. 



Fijr. l.-Bl nek Wil(l<‘l)ci>st (519:), luirbounng A. iiwryinale. 
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Virus Diseases. 


Alkxanj)KK, R. a., and The tnuismissioii of loupin^^ ill )).v licks 
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tlie black wildebeest {Conorhactcs (jnu) 
as carriers of lieart water. 




Onderstepoori Journal of V eterinary Science and Anhnal 
Indusiry, Volume 5 , Number 1 , July, 1935 . 


The Transmission of Louping 111 by Ticks 
{R hipicephalus appendiculatus). 

II. A. ALKXANDEB., B.Sc. A<>nc., D.V.Sc., Em])ire Marketing 
Board lieseareli Fellow; 

W. (J. NEJFZ, B.V.Sc., Wterinary lleseank (Ifficer, ()iiderstt‘])oort. 


In July, 1933, a pjeliuiinary report, was published on the transmission 
of Louj)ing 111 to sheep by //. appeiuhculafus nyniphae that, had 
picked up the virus infection by feeding on a reacting sheep in the 
previous larval stage. These initial results prompted a fairly 
extensive study of the mode of traUMuission of this virus by the brown 
tick. The outcome of this work is published in the hope that it may 
be of some value to workers in those areas where the disease is known 
to occur, in addition to being useful, should the disease be diagnosed 
in this couiitr;\ at some future date. In this connection it must be 
j)ointed out that a thoiough knowledge of the infectivity of the various 
stages of a species of tick, after feeding on a variety of hosts, is not 
only of academi(‘ interest, but is of extreme practical importance 
beu-ause this knowledge must serve as a basis for the promulgation of 
those prophylacti(‘ measures which aim at the eradication of the 
disease by elimination of the infective arthropod vectoj*. Bearing this 
in mind it became essential to determine the susceptibility of some 
domestic animals, other than sheep, which might serve as hosts and 
potential reservoirs of infection for the ticks. Therefore, while the 
tick breeding work was in progress, steps were taken to deteiuiiine the 
suscei>tibility of cattle and of horses to Louping 111. 

THE SUSCEPTIBILITY OF CATTLE TO LOUPING ILL. 

On 7th 0(‘t.ober, 1932, a calf (4535) was injected intrathecally 
with 2 c.c. of the turbid sujiernatant fluid olilaiiied from centrifuging 
a 1 j)er cent, saline emulsion of desi(‘cated infective mouse brain. The 
oiHuation was performed with full ase})iic precautions under chloral 
hydrate anaesthesia by inserting a long fine trocar and cauula between 
the atlas and axis into the spinal canal. 

On the afternoon of the third day after injection the temperature 
rose abruptly to lt)5 3^, but no clini(*al symptoms could be detected. 
The following morning the temperature was 105 there was com- 
plete inappetence, the abdomen was markedly tucked up and there 
were signs of i)rofuse watery diarrhoea. Salivation was fairly pro- 
nounced, respirations hurried and shallow and the animal either 
wandered aimlessly in an arch round the box, or stood in a semi stupor 
with wild, staring eyes and twitching muscles. During the course 
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TRANSMISSION OF LOrPlNG ILL BY TICKS. 


irf the (lay several violent fits, c*hiira(*terized by wild cdiarf^ing round 
the box, occurred. ToAvards evening* these fits became niucli more 
fre([uent (2 — ‘1 per hour) and could be initiated by giving the animal 
a fright say l)y suddenly shouting or (dapping* the hands. Vision avus 
now markedly impaired since the calf would charge, bellowing, with 
its head down into the walls or the manger. It aaoiiUI continm* its 
mad stampede fbj* several minutes before falling* to the ground (!om- 
jiletely exhausted in a semi (*oinatose condition. After some time it 
would recover sufficiently to stagger to its feet and after staring into 
space Avith a vacant expression would commence another Avild charge. 
Any attempt at (*ontrol was (juite impossible and seATue abrasions of 
the head, the supraorbital crest and the ]H)]*ns were sustained as a 
result ot crashing* into the walls. Later in the eA'ening a paresis (d 
the hindquarters developed so that the AA'ild (harging became less 
vigoroLLs. Tlie following morning the body temperature bad fallen to 
102 G and the animal aatis unable to raise its bind(|uariers off the 
giHUind. Varalysis progressed ra])idly from behind (lanially so that 
by mid-day eA^en a sternal position could not be maintained. Hie 
animal remained on its side but retained full conciousness as 
evidenced by flicking of the ears to chase away flies and obATOus 
re(*ogiiiti()u of the approach of an attendant. Death oc(*ui*red the 
same afteriuKui ])resumably as a result of ])ara]ysis ot the (lia])hragm. 

Post-mortem examination reA^ealed no marked abnormality other 
than the severe abrasions due to traumata. The meningeal A^essels 
showed sliglit engorgement but there was no evidence of a purulent 
meningitis or abcessation of Ihe brain. 

The brain amis removed with asepti(‘ precaiiiions and stored over- 
niglit in the freezing chamber of an electi*i(‘ refrigeiator. Xext 
morning the surface of one ceri^bral hemisphere was waslied Avith 
sterile saline and a small portion about 1 (*in. square excused from the 
depth of the brain substance. A 1 per cent, saline emulsion of this 
material was injecded intra(*erebra]ly in O Od c.c. amounts into each 
of three mice; all the mic e died on the 6th day after shoAving typical 
symptoms of Louping 111. This indicates that a considerable penetra- 
tion and j)robal)ly a considerable multiplication of the Aurus had taken 
place. The diagnosis of lumping 111 Avas confirmed. by injecting 1 c.c. 
of a 0*2 per cent, emulsion of the brains of the mice subcutaneously 
into Iavo susceptible sheep. Both sheep succnmbed to typical Lonping 
111 . * ' ■ 

In an attempt to coiifierm the sus(*eptibility of cattle to the dis- 
ease nnmerons H, nymjdiae from a batch (1297 B.c) 

known to be infecded with Tjou])ing ill virus were fed on the ears 
of a nine months old (uilf (b2ol). The ticks atlaclied on 9.11.3^"! and 
all had engorged and detached by 17.11.33. (h)ntrary to expectations 
the animal showed no febrile or clinical reaction, and after an interA^al 
of 17 days about 200 nympbae of the same batch were fed on the 
same calf. No reaction followed. Therefore, as an immunity test 
42 days later a subcutaneous injection of 5 c.c. of a 1 per cent 
emulsion of infective mouse brain was given; at the same time two 
sheep and an additional calf (5412) Avere given a similar injection to 
serA^e as controls. Both sheep reacted typically and recovered. Both 
calves failed to exhibit any reaction. Two months later the original 

18 



Tt. A. ALEXANDKI? AND AV. O. NEITZ. 


(‘-alf (5251) and an additional heifer (5410) were ^rivefi an intratliecal 
infection of 3 c.c. of a 1 :300 saline emulsion of fresh infective mouse 
brain. The first (*alf showed no reaction. The temperature record ol 
tlie control is shown in fiftuire 1. 


Clinicdl symptoms. 



Viil 1 . 


It will be n()1(‘d that a dii)liasic febrile react ioji occurred. During 
the first, febrile period no symptoms of any kind were observed. 
During the second exa(‘erba1ion the uninial api)eared somewliat, 
excitable and nervous. Inhere was spasmodic twitching of the muscles 
ol the thighs, slioulders and neck. The ears continually twitched 
and there was a ])eculiar nodding ot the head. These symptoms were 
noticed for about three days after which the habitus returned to 
normal. 

An attempt was made to demonstrate the presence of circulating 
virus in the blood on 28. 3. 34 and 5 and 3.4.34, i.e. at the height of 
each febrile reaction, by the inj(M‘tion of defibrinated blood intra- 
eerebrallv into mice (0 ()3 e.e.) and snbeiitaneosly into shec]) (5 (•.('. 
subciit.). iSo virus could be detect imI. 

During the course of the above exjieriineuts serum bad been 
collected from the animals as follows : — 

A. 5251 on 23.3.34, i.e. after the tieJv feeding and subiutaneous 
injection l)ut prior to the intrathei'al injection. 

H. 5412 on 24,3.34, i.e. ()5 days after the subcutaneous injec- 
tion. 

(\ 5410 on 10.4.34, i.e. 30 days after the intratliecal injection. 

In addition serum Avas obtained from a normal heifer, from a 
normal sheep and from a sheep which had recently recovered from 
an atta(‘k of houping 111 initiated hy a subcutaneous injection of 
virus. 
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TEAlSrSMISSION OP LOOPING ILL BY TICKS. 


In vitro noutialization iesls were set up with these sera using the 
following t/ec-hni(iue. I^o each of a series of agglutination tubes 1 c.c. 
of five-fold dilutions of a stock emulsion of infective brain in I/IO 
horse-serum-saline was added, the dilutions varying from 1/5 to 
1 :5‘‘. The sera to be tested for neutralising antibodies were diluted 
Icrl in saline and added to the respective virus dilutions in 1 c.c. 
amounts. After incubation at 87^ for two hours and overnight 
fixation in the ice box mice were injected with the following results. 


Sera diluted 


Five-fold dilutions of stock virus emulsion in l/IO 
horse-serum -sal i n o. 


1 : 3 in saline. 




















1 

: 5 

1 : 

62 

! 1 i 
1 

;5® 

1 : 

:6^ 

1 ^ = 
1 

; 5® 

1 : 

:5« 

1 ; 

:5’ 

1 : 

:5« 

1 : 

:6» 

Calf r)251 - A 

7 

8 

7 

7 

7 

; 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6412 - B 

« 

7 

8 , 

0 

6 

; 8 

0 

0 

0 : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5410 - 0 

7 ; 

7 

9 ; 

0 

9 

;0 

0 

0 

0 : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Normal sheep 

0 i 

6 

Ci ; 

0 

C) 

; b 

6 

7 

0 ; 

0 

7 

8 

0 

0 

0 

0 

0 

0 

Normal calf 

0 ; 

« 

b j 

0 

0 

; <> 

() 

0 

6i 

7 

7 , 

8 

7 : 

0 

0 ; 

0 

0 

0 

Immune she^^p 

7 ; 

7 

1 

0 ; 

0 

0 

: 0 

0 : 

0 

1 

0 ; 

0 

0 . 

0 

0 : 

0 

0 : 

0 

0 

0 


Note. — The numeral denotes the number of days after injection on which the injo(‘U*d mouse 
died. 0 indicated mouse still alive 14 days after injection. Two mi(‘e used for 
each solution and 0*06 c.c. injected intracerebrally, thus 7 ; 8 moans two mice in- 
jected of which one died on day 7 and one on day 8. 


A consideration of the table indicates that aftej’ contact with 
normal calf or sheep serum the stpek virus emulsion used was infective 
for mice in doses of 0-05 c.c. in a dilution of 1 :5®. After 
neutralization in vitro by the sera of the bovines being tested the 
same virus was infective in a dilution of 1 or 1 :5®. This indicates 
the presence of virucidal antibodies in the sera in a faiily high con- 
centration though not so high as encountered in the serum of an 
immune sheep used as a control. 


Conclvsions . — From this series of experiments it must he con- 
cluded that the intrathecal injection of tho virus of Louping 111 int-o 
bovines is followed by a febrile reaction which tnay or may not he 
accompanied by clinical symptoms of varying severity and may or 
may not be fatal. With recovery virucidal antibodies make their 
appearance in the serum. After subcutaneous injection of virus or the 
feeding of infective ticks no demonstrable reaction is to be expected 
but immune bodies are developed. 

It is realized that a cionsiclerable amount of additional work is 
necessary to asctertairi the full susceptibility of bovines and to deter- 
mine whether there is a multiplication and circulation of virus in 
the bl<x)d stream after injection, but it is not unreasonable to believe 
that cattle may serve as a potential reservoir of infection for ticks 
in the field. 
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THE SUSCEPTIBILITY OF THE HORSE. 

Uii rilsi October, a horse (‘*i0'h)8) A\as infested on the ears 

with numerous l{, appendtculaf ua nyinphae \vhi(*li had fed on a reaet- 
ing sheep (^4115) as larvae and reju'esented pa i t of a bat<*li (1138 Ac) 
whicdi were known to be infected with the vij*us of Louping 111. 
The ticks attached readily and engorged w^ell. As soon as they com- 
menced to drop three* individuals w'ere emulsified in 5 c.c. of saline 
and injeeded sub(*utaneously into one sheej) (34191). This sheep 
developed typical Louping 111 and was destroyt*d in extreunis. The 
horse did not show an\ dt*partin'e from normal health and alter an 
interval of LS <la>s was given an intrathecal injection of 2 c.c. of a 
0**3 p(*r cent, eimilsion of infective mouse brain. Three control mice 
injected int ra(‘t‘i‘(‘l)i’all \ with O lio <*.c. of the same einul‘^ion died on 
the oth and tith day. I3ie liorse showed no febrile reaction but after 
an interval of 14 days develojied a slight ])osterior paiesis w'bich per- 
sisted for sevt‘ial weeks. At no time was it possible to associate the 
(‘ondition with Louping 111 sin(*e blood diawn on various occasions 
Ironi the 7th da,\ after injection was ('onstantly non-infe(*t ive for 
mice. On JTth March, 19-13), the horse was again infested on the ears 
with nmnphat* known to contain viius, but no const it iitional 
disturbance was jiroduced in tin* host after engorgement. 


Idle lesiilts (ddained from this one hoi'si* weie so incomdusive that 
a second hoi‘>e {‘.jtl‘174i w as infested on t he eais with //. n pp( fuhrulai ua 
nyjnpha(* wdiich had ted as lar\ae on a sheep (374rj) during a Louping 
III reaction ]>r(Hluced by subcutaneous injection (d mouse virus. On 
the oth day aftei* infestation there occurred a slight rise in tem- 
perature to whi(‘h persisted tor 3(> hoins. On the 7th day 

the tem})erature rose abruptly to 104° and jiersisted at or above this 
lev(*l for 3 days after which it rel-urned to normal by crisis. During 
this time tlie horse was markedly tucked up and showed a cyanotic, 
diidy miK'ous membrane; the respirations were hurried and shallow’, 
the ])ulse exci*edingly weak, rapid and thready; there w’as complete 
ina])j)t‘tein'e and a ])rofuse diarrhoea. Recovery was uninterru j)ted 
and there wei<* no nervous complications. Daily examination of blood 
smears stained b.\ May-Orunew ald-O iemsa failed to reveal the 
presence of any ])arasites, but a moderate monocytosis w-a^ a])parent. 
Dihbriiiated blood drawui on the 8th day after tick infestation, i.e. 
at the height- of the second febrile exacerbation produced tyjiical 
Louping III in four mice all of Avhich died on the btli day after 
intracerebial injecdioii. In addition b c.c. of the same blood injc'cted 
subcutaneously into a sheep jiroduced fatal Louping 111, death 
o(*curring on the 8th day. 33ie ])resence of virus could not lie demon- 
strated in blood drawn two days later, either by intrac^erebral injection 
of mice or the subcutaneous injection of a sheep in 2*5 ( .(*. amount. 


On 7th December, 1933 and 21st March, 1934, i.e. 57 and 140 
days res])ectively after tick infestation blood was withdrawuiA'rom the 
horse and subsequently in vitro neutralization tests were carried out 
w’ith the serum at the same time UvS those cited for the bovines above. 
The results obtained are given in Table II. 
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Table 11. 


In vitro neutralization of Jjouping 111 Virus by Serum of 
Horse 20374. 


Nora diluted 

1 ! .3 in saline. 


Five fold dilutions of stock virus emulsion in 1/10 
horse-serum-salinc. 


1 :5 

1 

1 :58 

1:5* 

1 :5» 

1 :5« 

1 : 57 

1:5* 

1 : 5» 

Scrum of 7/12/33... 

7 ; 8 

7 ; 9 

7 ; 0 

0 ;0 

0 ; 0 

0 ; 0 

0 ; 0 

0 ; 0 

0 ; 0 

Serum of 21/3/34... 

8 ; 7 

7 ; 8 

11 ; 11 

0 ;0 

0 ;0 

0 ; 0 

0 ; 0 

0 ; 0 

0 ; 0 

Sorum of normal sheep 

6 ; <5 

0 ; 0 

♦> : 0 

6 ; 7 

0 ; 0 

7 ; 8 

0 ; 0 

0 ; 0 

0 ; 0 


It will be seen that virucidal antibodies to a fairly higli litre had 
developed. Most, unfortunately serum had not been (‘ollected from 
the first horse (20308) for inclusion in the test and in the meantime 
the animal had been destroyed. 

Conelusions . — From this single positive case it may be concluded 
that the horse is susceptible to lumping 111, and that after eiiftor^e- 
ment of infective ti(‘l\S there is a multiplication of virus whose 
presence may be demonstrated in the blood stream. 

No adequate explanation can be advanced for the failure of the 
first horse to react to the infestation of known infective ticks. It is 
suggested, however, that an ,, infection iuapparante actually did 
o(*cur, and that this produced an immunity sufficient to withstand the 
intrathecal injection of virulent •brain emulsion. 

Attention must l>e directed to the general similarity of the 
results obtained with the attempted infection of horses and cattle. 
No effort has been made to work out the course and nature of the 
disease in these spe<'ies of animals, since the simple demonstration of 
susceptibility and the production of immune bodies in the serum was 
adequate for our purpose. 

TICK TRANSMISSION. 

A. Technique ^ 

For the sake ot c'ompleteness it is considered necessary to give a 
short resume of the methods employed at this Institution for routine 
tick breeding work. 

During the summer months undipped cattle running on the farm 
Kaalplaas are inspected periodic^ally and fully engorged female ticks 
are removed carefully. After identification they are placed in test 
lubes lightly stoppered with cotton wool. The tubes, suitably 
labelled, are placed in (ylindrical glass jars about 22 c.m. high and 
14 c.m. in diameter, in the bottom of each of which there is a small 
quantity of clean sand about 1 c.m. deep, kept moistened wdth a 
saturated solution of common salt in water. The jars are placed on 
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the shelves of ii cupboard in a room Avhicli happens to be fairly cool 
in summer and warm in winter. All the jars of ti(‘ks are inspected 
twice or Ihree times weekly. Tubes containing numbers of dead 
individuals overgrown with moulds are discarded. As soon as ovi- 
position, hatching or moulting* from one stage to the next is noticed 
the date is recorded. It is found unnecessary to change ticks from 
one tube to another even though the number in a tube, particularly 
in Ihe (*ase of larvae, appear to be excessive. 

Larvae are not fed until they have been liaiched a week and 
subse(juent stages are not ted until 10-14 days after moulting. For 
feeding purjmses the ticks are shaken out of the tube into a stout 
calico bag fitted with a running noose at the mouth and having 
several lengihs of tape attached to facilitate tying to the host. The 
bags are conveniently filled over a tray placed in a large sink con- 
taining disinfectant so that any ticks which escape may be captured 
or destroyed, lairvae are picked u]) by means of a camel hair brush 
and nymphae and adults are handled easily with forceps. 

The bags are then plac€‘d over the ears or scrotum of the selected 
host. Sheep should have the area round the ears cli])ped short to 
minimize the risk of escape of ti(*ks and ihe bags should be tied on 
fairly tightly since the ])assive hyperaemia indu(*ed seems to facilitate 
engorgement . h'or Ihe first 4tS hours the bags aie left undisturbed. 
After that time the bags are changed daily; ticks which have failed 
to attach are destroyed; engorged ticks that have dropped to the 
hot tom of the bag are (ollected and placed in tubes as before, about 
100 engorged larvae, 50 engorged nympliae and a single engorged 
female per tube. 

Except on rare occasions beyond the s(‘ope of this article no 
difficulty lias been experienced in feeding and breeding ticks by this 
method and in the (‘ase of IfJripirepliahts appendfculai us used in these 
expei'iinents the jirocedure was highly satisfactory. 


B. Tkvxsmission ok liOrriNO Inn fuom Lakvak to Nymphae. 

On dlst August, 5 c.c. of a 1/500 saline emulsion of 

Oesi(*cated infective shee]) biain was injected suhcutaneously into a 
sbe'pp (d4115). On the third day, immediately the first rise in ihe 
febrile temperature curve was riotic’ed, about 1/4 of the progeny 
of one clean It. append iruhitvs female were plai ed on ea(di ear. The 
laryae fed well and about 800 engorged specimens were colle(ded 
between the 8th and the I2th day. The larvae commenced their 
moult to nymphae on 29.9.02. 

On 7th October, 1902, a sheep (02241) was infested on one ear 
with a total of about 80 of these nymphae. The nymphae attached 
readily but the rate of engorgement was variable so that engorged 
nymphae continued to drop from 14 to 24.10.02. On the 5th day after 
tick infestation the temperature of the sheep rose abruptly to lOtP F. 
The sheep showed no nervous symptoms of I^ouping 111 but the 
diphasi(* temperature tmrve was typical and blood drawn on the 
second day of fever proved highly infective for mice. 
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This exi)eri)neut was repeated on three orassioiis with iiyiuphae 
from the same batch (12d8 A). One sheep (.‘^^4787) infested on 
19.10.d‘J commenced to react on the 4th day and died on the lOth 
day after showing* typical nervous symptoms: a second sheep (84894) 
infested 2<).1.88 showed a very mild reaction from the Oth day and 
recovered; a third sheep (2(iG47) infested on 8.5.88 commenced a 
severe reaction on the 4tli day, and after showing* slight nervous 
symptoms recovered. These two slieep were given an immunity test 
('onsisting of the subcutaneous injection of 5 c.c. of a I ])er cent, 
emulsion of infective mouse brain and did not reacd, whereas two 
(‘onirol sheep reacted severely but re<*overed. 

To confirm this transmission from larvae to nym])hae the entire 
experiment was repeated. A sheep (87412) ^^as infested on the ears 
with numerous (dean larvae (batch 1297) on 22iul duly, 1988. Two 
days later a subcutaneous injection of 5 c.(‘. of a 1 ])er cent, dilution 
of infective mouse brain was given. A severe reactnuj, to whicdi the 
sheej) eventually succumbed, commenced after 48 hours and during 
the entire febrile reaction numei*ous engorged larvae ('ontinued to 
drop. These larvae commenced their moult to nymi)hae on 4lh 
September, 1988. x\bout 80 of these nym[)hae were fed on the ears 
of a sus('eptible sheep (87588) on 28th September, 1988. The ticks 
attached immediately and jiroduced a iriild attack ot lA>iiping III 
from the third to the eighth day. After rtu'overy the sheep was 
solidly immune to the subcutaneous injection of a massive dose of 
mouse virus, the infectivity being controlled by subcutaneous in- 
jection into two contr<ds and into mice. 

CoH(ih(si(n( , — Ulnpirrphulus append fcNhtl us larvae become in- 
fected with the virus of Looping 111 after engorging on an animal 
undergoing a reaction. The resiilting nyjuphae will x)ass cm this 
infection when feeding on a susceptible animal. 


(J. Transmfssjon fhom Nymi’tiak i’o Adults. 

Tlie nymphae used to pick up the infection in this ex])eriment 
were obtained from laryae which had been f(*d on one* ot the sus- 
(*eptil)le calves used as routine tick feeders. At lio time had theie 
been any possible association with Louping 111. 

About 50 nymphae weie placed on one ear of a sheep (82241) as 
soon as the first rise in temperature occurred after infective nymphae 
had been fed on the other ear. The ticks attached readily ujul were 
(‘ollected fully engorged from the Gth to the 10th day. At the time 
the ticks commenced to feed the presence of virus in the peripheral 
blood was demonstrated by the intracerebral injection of mice. By 
the time engorgement was complete virus could not be cletecded but 
specific iimnnne bodies were demonstrable by in vitro neutralization 
of mouse virus. 

On 14th November, 1982, the nymphae commenced their moult 
to adults and eleven days later 15 adults were placed on the ears 
of a susceptible sheep (84()G0). For some reason all the ticks except 
a single male refused to attach and eventually died in the ear bags, 
tbe vsheep showing no deviation from normal health. 
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Subsequently, on b‘Uh planuary, the same sheep was infested 

with ten adults from the same batch. On this occasion attachment 
and eng-or^^ement were rapid. A typical, severe febrile reaction com- 
menced on tile 4th day and lasted for six days. The sheep recovered 
and five weeks later was found to be immune to the subcutaneous 
injection of a test dose of virus which proved fatal to two conti'ols. 

usion ~R, appvndn'ulaius nyinphae are capable of picking 
up the virus of Looping 111 while feeding on a reac ting sheep, and of 
transmitting it to a suscejitible sheep during engorgement as adults. 

D. Transmission from adults through itte egc^ to larvae of the 

NEXT (tENERATFOxX. 

It is unnecessary to detail all the attempts that have been made 
to determine the possibility of transmission of the virus of Louping 111 
through the egg from one generation to the next sin(*e every experi- 
ment has yielded negatiA'e results. Adults Avhich had produced 
Louping 111 after ])icking up the infection as nymphae, and had en- 
gorged on a reacting host while free virus could be demonstrated in 
the peripheral blood, laid eggs which were found to be devoid of 
virus, and the larvae after hatching failed to transmit the disease. 
Similarly clean adults were fed on a reacting host and were shown to 
have ingested virus since an emulsion of a few engorged individuals 
w’ere fully virulent, but no trace of virus could be found in either the 
eggs or the larvae after hatching. 

Conclusion, — The eggs laid by L{ . append iruJatns adults 
harbouring the A’irus of Louping 111 are non-infoctive. Larvae 
hatched from these eggs do not tT-ansmit the disease. It is concluded 
that the virus is incapable of jmssing through the egg from one 
generation of tick to the next. 


E. Transmission from i.arvae thr()xm;ii namphak to aju j/is. 

1. Nj/nipliac feeding on a susceptible sheep. 

[n ])revious experiments reported above, a colle(*tion was made 
of numerous engorged nymjdiae which had produced Louping 111 in 
the sheep upon Avhich they had fed. These tic'ks weie used for the 
series of t‘xperiments to be described under this heading. For 
instan(‘e, one batch of nymphae (lLb‘18 Ac.) were fed on a sheep (84787) 
and produced a fatal case of the disease. The following injections and 
infestations were carried out Avith these nym])hae or the resulting 
adults. 

1. 24th October, 1982. Sheep 84874 injected subcutaneously 
with an emulsion of three engorged nymphae, which 
detached prior to the commencement of the febrile reac'tion 
in the host; injection carried out on the day the ticks 
dropped. 

Result , — Severe reaction; sheep died 6th November, 
1982. Before death blood infective for mice. 
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2, 2<ith October, 19'‘t2. Sheep f^l051 injected .subcutaneously 
Avitli an emulsion of three eiip'or^ed nymphae which 
detached after the febrile reaction in the host had com- 
menced. Injection tniried out on the day the ticks 
dropped. 

Jtrsulf. — Severe reaction; sheep died (>th November, 

1982. Before death blood infective for mice. 

8. oth December, 1982. Sheep 88970 infested on ears with 
adults derived from enj^’orged nymphae whi(*h detached 
after the commenccnnent of the febrile reaxdioii in the host. 

Nesult , — Severe rea<dion; sheep died on 24th Decem- 
ber, 1982. 

4. 18th January, 1988, Sheep 84202 injected subcntaneously 

with an emulsion of two adults derived from nymphae 
which detached during- the febrile reaction in the host. 

Result . — Severe reac-tion; sheep died 2btb January, 

1983. 

5. 18th January, 1988. Sheep 84858 infested on ears with 

adults whi(;h detached as nymphae during the febrile 
reaction in the host. 

Result . — Severe prolonged reaction. Sheep recovered 
and was immune to a test dose of virus given 
subcutaneously 88 days later. 

From this .series of e.xperiments it would appear that R. appen- 
(Iicuintus which ph-k up an infection as larvae retain that infection 
through the nyjiiphal to the adult .stage alter engorging on a sus- 
ceptible sheep. Two aeries of confirmatory experiments were carried 
out on similar lines except that only the moulted adults were fed or 
emuhsitied and injected. Of five .sheep whic-h were injected with an 
(‘imilsloii of adults none reacted and suhaequently all v\ei’e fouiitl to 
he fully .susceptible to a te.st do.se of mouse virus. Of six slieep on 
w-hich adults were fed (in each case six adults were placed on one ear) 
four did not react and two underwent mild reactions and recovered. 
On immunity teat the non-reactors were found to be fully su.s< eptih]e, 
the reactors aolidly immune. 

The significantie of these results is discussed after considering the 
results obtained with adults derived from nymphae whi(di fed on an 
immune sheep. 


2. Nt/inphae feeding on an immune sheep. 

The immune .sheep (34497) used in this experiment had survived 
a typical Louping 111 reaction set up hy tick infestation and had been 
shown to be immune to the subcutaneous injection of a massive dose 
of mouse brain virus. 

On 18th January, 1938, numerous K, appendiculatus nymphae 
belonging to the same batch of infective ticks w’hich had produced 
the disease in experiments cited above were placed in a bag over the 
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rig^lii ear. lUie tic.ks engorged readily and detac hed on the 0th, 7th, 
and 8th days. No reaeti’on was produced in tJie sheep. The nyinphae 
commen(;ed their nnuilt io adults on 17 February, 19.‘h‘b and with the 
imagines ihe following experiments were carried out; — 

1. 2lHi March, l\m. Sheep ;j5()19 iiiiected sxihcutaneouslv 

with an emulsion of three adults. 

Jirsi/lf. -No reaction and six weeks later ihe shee]) 
reacted to an innnnnitv test of mouse brain virus. 

2. 21st March, 19dd. Sheep ^15024 infested on ears with six 

adults. 

N(‘sulf . — Febrile reaction commenced on the oth day 
and six N\eeks later the shec‘p resisied a test dose of mouse 
brain virus. 

19th April, Ft'h'b Shec])dd1]0 injected subcutaneously with 
an emul^ion of three adults. 

/A’.s* <///.- -There were two lises in tempeiature to 
100 2^ and 100 4^ F. on th(» altcunoon of the thiid and 
the fifth clay resi)ec*ti vely. On imniuniiy test six weeks 
late?' ih(‘ sheep succumbed to iy])ic al Lou]>ing 111. 

4. Flth April, 10f‘h{. Sheep .‘hUKi infc»slecl on ears with six 
adults. 

Jfr.s'ffll. — Typic*a1 febiile reaction commenciicg on the 
third day and six wc'eks late?- the sheej) lesisted a lest dose 
of virus. 

'!<> continn th(\Nt* le^ulls the entlrt‘ experiment was ie|)eatecl at 
a later date. A ])roved immune sheep was used as a hctst fc»r feeding 
a different batch of nymj)hao whose infeed ivity was controlled by the 
])roduction of liOU])ing' 111 in a suscejtfible sheej) uj)on whicdi a sample 
was fed. 4Avo sheep were injectcal uiih an (‘luiilsion of three' adtilts, 
the (unulsions being jirepared about two montlis after the licks had 
moiiltc'd. No reaction Avas ])roduced, and the shee]) sul)se(|uently 
proved to be fully susceptible. On two shee]) numerous adults were 
fed; the oue develoj)ed a mild reaedion followed by solid immunity, 
but the other did not reacd and was found suhse([uently to be sus- 
ce[)tible. 

( ’fnichf^dons . — The results obtained from this seiies of ex[)eri- 
meats on feeding infeedive nymphae on susceptible and immune sheep 
are not perfecdly (dear c*u1 hut it is justifiable to clirecd attention to 
the following points. 

1. Nymphae Avhicdi ])ickecl up their infeedion as larvae still con- 
tain virus after the completion of engorgement on a suvscej)tible shee]), 
and before moulting to adults. 

2. The majority of adults derived from infeedhe nymphae whicdi 
engorged on a susceptible sheep, are infective, but it is not clear 
whether the nymphae did not clean themselves and then become re- 
infected by feeding at a time when free virus had made its ap]>earance 
in the peripheral blood of the host. 
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The wiujority of adults derived from infective nymphae which 
fed on immune sheep are capable of transmitting-, the disease. Since 
the subcutaneous injection of an emulsion such^ adults usually does 
not set up the disease, either the virus titre is very low or the ingestion 
of blood is necessary to activate ” the virus (‘ontained. 


F. Transmission from larva through nymphak to adults. 

1. Nymphae feeding on a .niseeptiMe horse, 

(3n 81st October, 1082, a horse (20808) was infested on the ears 
with numerous infected nymphae ivhi(*h represented, portion of a 
hatch (1288) which had ])i-<)du(*e(I Tiouping 111 in susceptible sheep 
regularly.* Tim ti(*l<s attached readily and Commenced to drop fully 
engorged on 8rd November, 1082. The moult to adults commenced 
on 80th November, 1082. The lollowing feeding and injection experi- 
ments were carried out with these ticks. 

1. oth November, 1082. Slieep 8480*0 injected subcutaneously 

with an emulsion of three engorged nymphae, the injec tion 
being made two days after drop])iiig. 

Result . — Severe Louping 111 reaction, the sheej) being 
destroyed in extremis. 

2. 18th January, 1988. Sheep 84101 injected subcutaneously 

with an emulsion of three adults. 

Result . — No reaction. On immunity test after 88 
days the sheep proved susceptible and died on 7th March, 
1938, after showing nervous symptoms of J^ouping 111. 

8, 12th Deceiul)er, 1082. Sheep 84058 infested on both ears 
with numerous adults. 

Resnlt . — No reaction. After 70 days the sheep was 
susceptible to a test dose of mouse virus. 

These results indicate that adults derived froiu nympliae which 
fed on a susceptible horse lose their infection even though the 
presence of Anrus may lun^e been detected in the nymi)hae after en- 
gorgement. 

From the jwint of view of the control of the disease in pra(*ti(-e 
this finding is of such importance that it was decided to lepeat the 
experiment on a more comprehensive scale. 

A batch of larvae (1297), portion of the progeny of a single female 
were fed on a reacting sheep (37412) from 22nd io 27th July, 1988. 
These larvae commenced their moult to nymphae on 4th September, 
1933. On 11th 0(*tA>ber, 1988, about 60 nymphae were placed on each 
ear of a horse (20374) which developed a febrile reaction, during 
which the presence of virus in the peripheral blood was demonstrated 
by the intra-cerebral injection of mice and the subcutaneous injection 
of sheep. ^ 


o/f. Tncler heading ‘‘susceptibility of the horse*’ above. 
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The following* feeding' and injeclion experiments were carried out 
with these ticks. 

1. 14tL October, 19dd. Sheep '17391 injected submitaneously 

with ail emulsion of six partially engorged nymphae 
forcibly removed after feeding for three days. 

Besult , — No reaction. On immunity test after 40 
days sheep deATloj)ed a severe reaction but recoAered. 

2. 10th October, 1911. Sheep 15540 injected subcutaneously 

Avith an emulsion of six engorged nymphae which had just 
deiatdied, i.e. before the febrile reaction in the horse com- 
menced. 

Hcsuli. — No reaction. On immunity test after 40 

days slieep deA^eloped a seA’ere reaction and recovered. 

1. 1st November, 1911. Sheep 1087(S injected subcutaneously 
with an emulsion of six nymphae which had detached 
before the commencement of the febrile reaction in the 
horse, 

RvHifli , — No reaction. On immunity test after 40 

days deveIo])ed a severe rea(*tion and recovered. 

4. 27th October, 1911. Sheep 10850 injected subcut a nerm sly 

with an emulsion of six nym])hae which had detached 
and were ccdlected on the day on whi(*h the febrile reaction 
in tlie horse commenced. 

Rrsuli , — No rea(*tion. On immunity test after 40 

days the sheep deveIo])ed a mild febrile reaction and re- 

covered. 

5. 24th October, 1911. Sheej) 15512 injected subcutaneously 

with six engorged nymphae Avhich dropjied after (‘ommence- 
nient of the febrile reacdion in the horse. 

Rrsitlf , — Severe reaction; died 9ih November, 1911. 

0. 1st November, 1911. Sheep 1()915 injected subcutaneously 

Avith six engorged nymphae which detached after the com- 
mencement of the febrile reaction in the horse. 

Result . — Severe reaction. On immunity test after 40 
days the sheep Avas immune. 

The remainder of the nymphae commenced their moult to adults 
on 21rd November, 1911, and subsecjuently the folloAving experiments 
were carried out. 

1. 16th January, 1914. Sheep 18204 infested on each ear with 

fiA^e adults AAdiich dropped as nymphae before the com- 
meui‘ement of the reaction in the horse. 

Result. — No reaction. 

2. 18th January, 1914. Sheej) 38215 infested on each ear Avith 

five adults which dropped as nymi)hae after the reaction 
in the horse had commenced. 

Result . — Severe febrile reaction from which the sheep 
recovered. 


27 



TKANSMlSSrON OF LOUPIKG ILL BY TICKS, 


(■oncUf,Htons , — The results obtained from this serievS of experi- 
ments indicate that most infective appendiculatvs nymphae while 
feeding on a susceptible horse clean themselves, provided that 
engor^yenient is completed before the febrile reaction in the host, com- 
mences, i.e. before the appearance of circulating virus in the peri- 
X)heral blood stream. Some nymphae, after rapid engorgement in this 
way, contain virus when they detach but in the limited number of 
tests conduc^ted this virus was not (‘arried forward through the moult 
to the adult stage. 

Nymphae which have not completed their feed hy the time the 
febrile reaction commences naturally reacquire infection which i.: 
transmitted to the suc(‘eeding adults. 


2. Nymphae feeding on an immune horse. 

(.)n 17th March, 198d, numerous infected nymphae were pla(‘ed 
on the ears of a horse (2(h‘108) which liad survived an intrathecal 
injection of 5 c.c. of a 2 per cent, emulsion of infective mouse brain. 
Engoi’ged nymphae cojiimenced to drop on 22nd March, 11)88, and the 
moult to adults started on 29th Ainil, 1988. 

The following injection experiments were carried out with these 
ti(‘ks. 

1, 24th March, 1988. Sheep 84510 injected subcutajieously 

with an emulsion of three engorged nymj)liae. 

Result . — Severe reaction. On immunity test alter 40 
days sheep was immune. 

2. 1st Aprli, 1988. Sheej), 82501 injected siihcutaiieously with 

an emulsion of three engorged nymphae. 

Result. -Severe reaction. Died 19th April, 1983. 
Loui)ing 111. 

8. 22nd April, 1988. Sheep 34297 injected subcutaneously with 
an emulsion of three nymj)hae just prior to moulting. 

7?c.s ?/?/.— Severe reaction. Died Loiiping 111 1st May, 
1933. 

4. 27th Ai)ril, 1988. Sheej) 82951 injected subcutaneously with 
an emulsion of three adults which had just moulted. 

Result . — No reaction. On immunity test after 40 days 
the sheep was fully susceptible. 

A feeding experiment with the few remaining adults was 
attemx)ted but the ticks refused to attacjh. For this reason and 
because the results were so interesting the entire experiment was 
repeated in the following way: — 

On 27th February, 1984, numerous infected nymphae were 
placed on the ear of an immune horse (20874) and a 8uscey)tihle sheej) 
(37018). The ticks readily attached and engorged well on both 
animals. The sheep showed a typically severe reactibn and was 
destroyed in extremis on the 14th day, thus demonstrating the 
infectivity of the hatch of ticks used. The horse showed no departure 
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from normal health. The following* injection and feedinf^' experiments 
were carried out with the licks obtained from the horse, the ticks 
conimeii(‘inft‘ their moult on 28th March, 1984. 

1. f)th March, 1984. Sheep 89881 injec ted subc utaneously with 

an emulsion of six nymphae, emulsification and injection 
beirifi;* c arried out on the day on whic'h the ticks detacdied. 

lU'nidt , — *A very mild reaction followed and on 
immunity lest after an interval of 58 clays the sheep was 
solidly immune to mouse A'irus. 

2. 18th Marcdi, 1984. Shec^p 88878 injected subcutaneously 

with an emulsion of six nymphae, emulsification and in- 
jection being' carried out eight days after detachmeni of 
the tic ks. 

Jiesfflt . — No reaction. On immunity test the sheep 
was found io be fully susc'Cptible. 

8. 9tb April, 1984. Sheep 88889 infeslcnl on eaiN wiili adults. 

Resit If. — Severe react iofi to v\hicdi (he sheep succumbed 
on the 18th day. 

4. 22ncl Seidember, 1984. Sheej) 88885 injected subcutaneously 

AN'ith an emulsion of thiw adults. 

liesult. — No reaction. On immunity test aftcn* 28 
days shec'j) reacted sevc'rely. 

5. 4th Tune, 1984, 27tli June, 1984,28th August, 1984. Sheep 

Avere infested on ears Avith numerous adults. 

Result. — On no occasion Avas any reaction })roduced 
though subseciuent immunity test showed the sheep to be 
fully susc'eptible. 

('(fuelustou . — From this series of experiments it must be con- 
cluded that infective nym])hae after engorgement on an immune 
horse, still contain virus when they clc^tac h and drop fronj the host. 
The great majority of ticks loose this infection during and after the 
moult to adults, but an odd individual a])i)ears to letain sufiic icmt 
Aurus to transmit infection during engorgement as an adult. This 
conclusion is based upon the fiucling that on only one out of four 
attempts did adults transmit infVction during feeding, and though 
emulsions of engorged and moulting nymphae were shown to contain 
virus on tAA^o occ'iisions the injection of emulsified adults produced no 
reaction. 

(1. Transmission from larvae tiirouctH nymphae to adults. 

1. Nymphae feeding on siLsceptible cattle. 

2. Nymphae feeding on immune c -at tie. 

This series of experiments was conducted in the same manner as 
those cletailecl for the corresponding work on horses and sheep. 
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Nyiiiphae, whose infectivity was controlled by the production 
of the typical disease after feeding on a susceptible sheep, were placed 
on the ears of : — 

1. A calf 5251 which had been reared under tick free condi- 

tions and could not have come into contact with the 
disease. 

2. The same calf after it had survived feeding experiments by 

which time specific virucidal antibodies had made their 
appearan(*e in the serum (see above). 

With the engorged nymphae and the resulting adults the follow- 
ing injection and feeding exi)eriments were carried out. 

(a) Engorgement on snaoeptihle calf. 

1. 27th hVbruary, 1934. Sheep 37590 inje(‘ted subcutaneously 

with an emulsion of three adults. 

Re.svlt. — No reaction. On immunity test after 24 
days slieej) reached severely and was destroyed in extremis 
on the 11th day. 

2. 27th February, 1934. Sheep 37518 infested on the ears with 

numerous adults. 

Result. — No reu(‘tion. On immunity test after 24 
days she(^p eventually recovered from a severe reaction. 

3. 9th April, 1934. Sheep 38943 injected subcutaneously with 

emulsion of three adults. 

Result. — No rea<;tion. On immunity test after 23 days 
sheep reacted severely and recovered. 

4. 9th April, 1934. Sheep 38933 infested on (*ars with 

numerous adults. 

Result . — No reaction. On immunity test after 23 
days sheep reacted severely and died on the 13th day. 

Conclusion. — Adults derived from infective nymphae that en- 
gorged on a susceptible bovine rid theiPselves of infection. 

{h) Engorgement on an immune calf. 

1. 27th February, 1934. Sheep 32673 injected subcutaneously 

with an emulsion of three adults. 

Result. — No reaction. On immunity test after 24 
days severe reaction. 

2. 27th February, 1934. »Sheep 37626 infested on ears with 

numerous adults. 

Result. — Severn reaction followed by recovery. On 
immunity test after 24 days no reaction. 

3. nth April, 1934. Sheep 38937 injected subcutaneously with 

an emulsion of three adults. 

Result. — No reaction. On immunity test after 23 
days severe reaction. 
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4. 11th Ai)7*il, 1984. Sheep 88985 infested cm ears with 
niiuierous adults. 

Result. — No reaction. On immunity test after 28 

days severe reac'tion. 

Conclusion , — Infective nyinpliae after engorgement on an 
immune bovine may or may iiol (*arry the infection through the 
moult to the adult stage. This result is in l\eej>ing with tliose obtained 
from feeding on sheep and horses and is discussed below. 

H. TiIK TNFECniVITY OF ADULTS FROM ‘‘ CLEAN NYMTHAK WHICH 

JLNGORGKD ON AN IMMILVE SHKEC SI MUL'J'AxV FOT SLY WITH INFECTED 

NYMl’IIAE. 

(hi 1811) Jiinuary, 1988, numerous R. (ijipcnclfculatus nymphae 
whi(*h had been fed as larvae on one of the routine tick feeding calves 
were placed on the left ear of an immune sheep (84497). At the same 
time known infected nymphae were jilaced on the right ear. Jloth 
sets oi ticks attac-hed and engorged well and subscMiuently dropped at 
approximately the same time. The clean ticks commenced their 
moult to adults on 17th February, 1988, after wliicdi the following 
experiments wei-e cariied out. 

22nd March, 198*). Sheep 85908 injected subc-utaneously with 
an emulsion of live adults. 

Rc^u/f . — No reliction. 

22n(l March, 198,;). Sh(»e]) 85007 inlested on both ears with 

ad lilts. 

Result .—No react ion. 

20th April, 1988. Sh(‘ej) 88100 injected sulxaitaneousl y with 
an emulsion of five adults. 

Result, — No reaction. 

2()th April, 19.88. Sheep 88,098 infestcMl on both ea!> with 
adults. 

Res ult. — N c) rea c t ion . 

Subsecpiently the four slieep were subjected to an immunity test 
by thc^ subcuitaneous injection of mouse virus. All reacted and one 
died after show ing tyiiic al symjitoms. 

Conclusion . — From the above single series of experiments it may 
not be justifiabh» to conclude that ticks are iucajiable of picking up 
infection while feeding on an immune shee]) together wuth infective 
ticks. But wdien it is remembered that the antibody content of the 
serum of an immune sheep is high, there appears little likelihood of 
the engorging ticks being able to take up free virus. Consequently 
it is believed that the immune animal is of nc; importance as a 
reservoir of infection. 


DISCUSSION. 

The primary objecd of the series of experiments described Avas to 
augment the preliminary report on the transmission of Louping 111 
by Rhipicephalus appendiculatus (Alexander and Neitz, 1983), by 
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working out in detail the role of the various stages of the ti(dv. The 
w^ork has showu) oonelusively lhat larvae are (‘apahle of picking up 
infection and transmitting it as nyinphae, and that nyini)hae may 
acquire infection for transmission as adults, but every attempt to 
demonstrate the passage of virus beyond the adult stage has failed. 

(/onsequently with ihese investigations an attempt was made to 
obtain sojiie information upon the tenacity of virus infection in the 
tick population by determining the effe<*t upon the virus of engorge- 
ment upon susceptil)le and immune sheep. When the work was 
planned it was intended to <*arry out supplementary investigations 
to determine the effect upon the virus of feeding ticks on those un- 
susceptible species of domestic animals which might normally be 
encountered on a Louping 111 ijifected farm. The horse and the 
bovine were selected in the belief that these spetues were nnsuseeptihle, 
and only during the course of the work was this assumption found to 
be incorrect. It is true that the j)athogenesis of the disease in these 
animals has not been worked out but it has been established that 
virus may circulate in the peripheral blood of the horse, that a mul- 
tipli(*atiou of virus may take place in the (‘eutral nervous system of 
bovines, and that in both species injection of virus is followed by the 
appearaiKje of virucidal aiitibodies in the serum to a considerable 
litre. Consequently tliere still remains to he worked out the effect 
upon the virus of tick engorgement on a c()m])letely unsusceptible 
sj>e(*ies of animal, 

A critical survey of the results obtained illustrates that in w’ork 
of this nature it is not justifiable to conclude that every tick wdn’ch 
ingests infective blood will pick up the infection. Naturally the 
danger of erroneous conclusions may be reduced to a minimum by 
feeding large numbers of ti(*hs for eacdi trial. This is a simple mutter 
when larvae and nymphae are being handled, hut usually it is im- 
prac'ticahle to feed large numbers of adultvS so that additional 
significaiue must he attached to the smaller per('entage of positive 
results obtained wutb this stage of the invertebrate host. 

From a purely academical point of view' it is of interest- to note 
that infective nymphae after engorgement on immune sheep, cattle 
and horses still conUiin virus at the time of detachment but that 
this virus in the majority of instances has disappeared by the time 
the adult stage has been reached, a small percentage of adults only 
remaining a source of infection. This “ (deansing ’’ of the tick 
cannot be due entirely to the virucidal action of the immune bodies 
in the blood because a similar phenomenon w^as emx)untei'ed in the 
w^ork on sus(!pptible animals. It is admitted lhat in the latter 
cases (he results are more difficult to inierpret since (here always 
exists the chance that virus might have been circulating before the 
completion of engorgement, owing to the exceedingly short incuba- 
tion period of the disease and the comparatively lengthy period of 
attachment of the ticks. Furthermore, attention must be directed 
to the low^ virus content of these adults derived from the nymphae 
as shown by the failure to produce the disease by subcutaneous in- 
jection of tick emulsions, though positive results were obtained by 
feeding. This activation of the virus has an analogy in Rocky 
Mountain Spotted Fever (Spencer and Parker, 1929) » ^iiid Heartwater 
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(Alexander, 19dl), two diseases caused by Rickettsia, l)u1 as far as 
the authors are aware it has not been noted in diseases due to filter- 
able viruses. Whether this activation or niultipli('atioii represents 
the completion of a cyclical develo])inent of the virus is an interestinja;' 
problem and an attractive liyjmthesis for whicdi lliere is no <lirect 
experimental evidence. 

From a practi(\al point of vieAv the work iiidi(‘ates that on an 
infec'ted farm the disease may be controlled and eventually eliminated 
by i‘unninj^‘ immune animals to serve as hosts for tlie ticks in order 
to hasten the development to a sncceedinfjf generation always ])ro- 
vidinfy that no suscejdible animals are introduced during the time to 
serve as a potential reservoir of infection ot this ])articulnr vector. 

SUMMARY. 

1. Experiments conducted to demonstrate the sus(*eptibility of 
horses and cattle aie descril)ed. 

2. Tlie appearance of viiucidal antibodies in the serum of these 
animals after infection is demonstrated by a techni(|ue of in vitto 
neutralization of virus. 

^1. The ttM*hni(|\ie ot tick feeding* invi'stioations is briefiy 
ilescribed. 

4. Tt is shown that — 

(</) larvae of R, append icnlatus will pick up infeed ion for 
transmission as nymphae: 

{h) nymphae will pick up infection tor transmission as adults: 

{e) the virus does not pass through tlie e^^>’ to the next 
o*eneration ; 

{d) inieefive nymphae tend to lose their infection after feeding’' 
on immune animals thoufrh some of the resultiiif»’ adults 
may still he infective; 

(c) (he same occnurence was noted after feeding* infeidive 
nymphae on susceptible animals hut, ])articularly if shee]> 
are the hosts, there is a danger of the nymphae ieac(|iiii mg 
infection before detachment; 

(/) clean ticks do not ai-quire infection wlien fec'diug on an 
immune animal siimiltaneously with infectiv(» ticks. 

5. The signifi('ance of the work is discussed. 
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The Blesbuck (Damaliscus Alhifrons) and the 
Black-wildebeest (Conochaetes Gnu) as 
Carriers of Heartwater. 

By W. 0. JS'KITZ, B.WSc., Veterinary Ke.searcli Oftirer, 

( )n(lers 1 e}) 0 ()rt. 


(1933) ]nil)lislie(l a preliniiiiarx report on the siisc*e])fihility 
of one of Die Sontli African antelojies to heartwater. Thi.s Iraus- 
iiiission ^\ork lias heeii (‘ontimied and (he details of the ex])erimeuts 
ar(‘ nienlioued 1)elo^^ . 

Besides the hleslnick Die l)laek-A\ ildelieest was also found fo lie 
Miscejitihle to heart\Nater. 

The antelopes utilized in tlie transmission work must have been 
fully susceptible since they were obtained from areas where lieartwater 
is not known to occur, namely the Hi^hveld of the Transvaal and the 
( )ran^>‘e Free State. 


Mxpkjumkxi No. 1 (4(S41). 


Blesbuck 34958 ^^as obtained from Tlieiinissen, O.F.S., on the 
nth June, 193L\ 

(d)jrct . — To atteinjif transmisshm of heartwater from a sheej) to 
a blesbuck and to note the reaction. 


Mrihod, — {a) A'irulent healt^^ater blood was injected sub- 
cutaneously and intravenously into the blesbuck. 

(/>) Blood from this blesbuck was injected intravmiously into 
sheep on the 8th, FJth, and 18th day. 

Ifcsnlt . — Details of this experiment will be found in Table 1. 

The blesbuck did not show any symptoms that (‘ould be ascribed 
to heartwatei’, but died on the 25th day after iiuxuilation. At 
autopsy it was found that the markeil emaciation was due to a 
severe panverininosis. 

The two sheep injected with blood on the 8th and 12th day did 
not show any reaction and followin^: a subsequent immunity test 
lioth died from typical heartwater. 

The third shee]) injected on the 18th day reached to heartwater 
and died. 
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Kxpkrkment No. 2. 

Blesbuck ^149(51 was obiaiiied from Tlieuniss(*n, O.F.S., on the 
mil June, 19 J2. 

Ohjrct . — To rej)eai the transmissicm of hearfwater from sheep to 
a hlesbuciv ami to note the reac tion. 

MhIumI, — (a) Blood from this blesbuek was injected into a 
sus(‘eptible heartwater sheep in order to see whether Ihis animal 
harboured any other disease that could he transmitted by blood 
subinoruilation. 

(b) Blood from three sheej) reacdinn- tcj heartwater was pooled 
and injected subcutaneously and intra\enoiisly into thci blesbuek. 

(r) Blood from this blesbuek was injected intravenously into 
sheep on the llth, Kith, 22nd, 2r)th, 29th and 41st days. 

Rrsnlf . — Details of this e.vj)eriment are p*iveii in Table II. 

{a) d'he blesbuek did not harbour any disease that could be 
transmitted by blood subiii(»culation . 

ib) The blesbuek did not rt*a(‘t to lu'urt water and remained 
healthy. 

(r?) One of (he she(‘p ^5027 injected on (be Kith day reacted to 
heartwater on the Kith and died on the 24lh day after injection, 
None* ot the otlnn* slieef) devel(>ped heartwater and when the immunity 
of these sheep was 1(*sted the} all died fioni h(*artuater. One of the 
sheej) ‘14792 injected on the 29th da} died from causes other tliari 
heai*t water, and blood fi'oni this animal wlnm injected into two 
susceptible heartwater sheep did nol jn'oduce a icnotion. 

BxPEJmiK.NT No. J. 

Bh'sbiick ddtiOti was obtained from Slamleitoii, Transvaal, on 
Kitli March, 19d2, and spleneidomized b} Dr. Qiiiiibin of this 
Institute on the 12th Aj)]*!!, 19d2. This animal was found to be fully 
susce])tible to AnapJa.'^wa margnuth’. After recovery from this 
infection it was utilized f'oj' the heartwater work. 

Obirrf . — To attempt transmission of heartw^ater from sheep to a 
s|)lenect()inized blesbuek and to note the reaction. 

MiihiHh — {a) Blood from (his hleshuck was injeeled into two 
suscepiible heartwater sin*ep in order to see whether this animal 
harl)oured any other disease that could be transmiUed by blood 
subinoculation. 

(b) Blood from two sheej) reactiiif»‘ to heartwater was injected 
sul)cutaneously and intravenously into the blesl)uck. 

(c) Blood from this blesbuek w^as injected intravenously into 
susee|)tible heartwater sheej) on the i2th, 15th and 20th day. 

Remit , — Details of the subinoeulatioiis will be found in Table 

III. 

{(t) The two sheep injected did not react. 
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(h) The bleHhtirIx oji the 21st day after injection, showing 
heartwuter lesions ai autopsy. .Ridceffaia niiiilnantiunh could he 
demonstrated in the intiiua smears prepared from tlie jugular veins. 

(r) All the sheep suhinoculated on the 12th, lotli and 20th day 
reacted to lieait watei* and died. 


KxpKiUMK.vr No. 4 (ol2()). 

ildeheest olOo was obtained from the farm 8pesbona, 
(jreueva Station, Orange hbee State, and arrived at Ojiderstepoort on 
2bth June, 1902. 

attempt transmission of heart water froju sheejj to a 
black-wildebeest and to note the react ir)n. 

MrthofI, -{(f) Blood fiom three sheep reactitig to heart water was 
jM>oled, and injected subcutaneously and ini i*a venously into the, 
black-wil<lebe(‘st . 

(h) Blood from this black-wildebeest was injeettui intravenously 
into .susceptible heartwatm* sheep on the (ith, loth, 2drd, JOth and 
44th day. 

—Details of this exjieriment will be tound in Table H'. 

(//) The l)la(‘k-wil(b‘beesi did not show any s^inidonis and 
nunained healthy. 

{h) No reactions weje juoduced in tlie sheep inoculated on the 
(>tli and d4(h da\s. Of the two sheep inoculated on tlie IJth day one 
reacted and died, of the two sheeji inoculated ou the 2drd day 1)otli 
reacteil and died, and of tin* two injected on the JOtli day one 
reacted and died from heait water. 


(\)X('m sioNs. 

(1) Uie transmission of heaitwafer to thiee hlesbuck and a black- 
wildebeest is discussed. 

(2) The virulence of the heartwater virus ” did not (diange by 
passage through the antelopes. 

(4) The antelopes did not show* any clinical symjitoms that could 
he ascribed to heartwater. Tri case of the s|)l(mecfoniized blesbuck, 
however, heartwater lesions were observed at autopsy, and Hickcttsui 
nttfiitfantunn was demonstrated in the intinia smears prejiared from 
the jugular vein. 

(4) IleaiDvater “ virus ” could he demonstrated by blood sub- 
inoculations into HUS('e])tible sheep on the Kith and 18th day in two 
of the hlesbuck, from the 12th to the 201 h day in the splmiectomized 
blesbuck and from the L'lth to the JOth day in case of the black- 
wildebeest. 
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(5) Th(^ fact that heartwater ‘‘ virus ’’ could he demousl rated 
in the l)Iood of one animal for 9 days and in another for 18 days 
gives one good reason to believe that anteloi)€s can act as reservoirs 
for heartvvater and that the ])ossihility exists for ticks to infect 
themselves by feeding on these animals. 
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Section III. 


Parasitology. 


Oin i.KiM*. 1{. .1. On helininilis liom the “ Xyl- 

iihuie /i(Ksrhfifhu,s i nu/nrttnicUis (Pall) 
with ol)servalion> on the ])arasitie larval 
stuji^e.s of tbe stomach worm Asinrortfi iva 
nujrtift(f</li(i sp. n. 

OiM i.KPP. 11, J. On the iiietaceacaria and adult ol (Jlinosto- 

minn ran dt r hoi.stt sp. lu A nematode 
jiaiasite ot fislies ami herons. 
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Oridvrutvpoori Jonrual af V el cr Inary l^civncc and Animal 
Indii.sfry^ Wdmme o, X umber J, July, 


On Some Helminths from the “ Nylghiae ” — 
Boselaphus tragocamelus (Pall) with Obser- 
vations on the Parasitic Larval Stages of the 
Stomach Worm Ashworthius martinagliai 
sp. n. 

Hy H. .1. OUTLKPI', il.A., Pri.J)., Ucs.-yrcli Officer. 


TiiKoMai the kindness ol J)r. (i. ^lait inaf’lia, X'tMeniiarian to tin* 
M luiici jiality ol .lohaiiiJeslnir^»% two neiiialodi* and two tiviiiaiode 
‘>j>e(‘ies i*olle(‘ted from tlo' ” were f)la(‘ed at tlie dis})Osal 

id ihe writ(*r for study. Idie host was a very leeeiit impuitat ion from 
India and liad to t)e destroyed soon alter arjiva) at the Johannes- 
hui*^’ Zoido^ical (iardens because of injuries it had rec‘eive(l in transit, 
ddie writei* w ishes to e\j)ress liis a])])reciat ioJi to tlie donor foi‘ haviri^* 
placed this iuteiestin^* material at his disj)Osal. 

(dass: NEMATODA Uudolphi, ISOS. 

Sujierlam. : S'ri»*o,N(J yi.oidka Widnland, ISbS. 

Kam.: TincnosrHoNu ; yuid vk Jicipei*, lOOS. 

Snb.-lam. : Tincnos i jn).N<.\ laxAr liei|)ei*, 15H)S. 

AsnwoiMinrs mviminacjiuai s/j. n, 

Xumeroiis spt'ciniens oi this s|)ecii‘s weu‘ collected l?’om the 
abomasum of the Nylghiae. Thev w'ere in a miudi shrunken condi- 
tion, but fortunately the\ stTai^hteiied out and ap]>eared to have 
resumed their normal slia])e after immeision in lacto-phenol for a 
(lav. Suj)erticiall\ they closely lesembh* the (‘ommon stomach worm 
of the sheep { llaemonclvms eonfort us), the females showing* the charac- 
teristic barber-])ole markinu's of this spe(des. 

The body is slender in l)otli seA(3s and is attenuated towards the 
anterior extremity; this attenuation is most maiked from al)o\it the 
level of the c‘ervic‘aJ jiapillae to the antej’ioi’ end, which in the mature 
males has a diameter'of onl\ O-OL^") to ()*02() m.m., and in the mature 
females of 0 0L7 to O t)i.^s‘ m.m. The whole body show^s very tine 
cutieiilar annulations 0*001 o to 0'00:i m.m. apart. The cervical 
]>a])illae are very i)rominent, laterally ])la(MHl, O'^O t(( 0 dd m.m. from 
the anterior eml. The (excretory })ore is found in a ventral transverse 
j^n-oove and is situated from 0*22 to 0*27 m.m. from the anterior end. 
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SOME HELMINTHS EKOM THE NTIXIIIIAE 


The mouth (Fig*. 1) is bouudefi by four iiieons])icuous lips of 
which the dorsal aud the ventral are small. The six eireiiiu-oral 
papillae are all carried by the lateral lips, the two laterals being 
placed slightly anterior of the sub-ventrals and sub-dorsals. The 
buccal cavity is small and is not tilted dorsally as in the genoty])e. 
There is a conspicuous buccal lancet arising from the dorsal segment 
of the oesophagus and bent dorsally after emerging from the mouth. 
Its roots are similar to those of the genotyjie, triangular in a dorsal 
and somewhat rectangular in a lateral view. 



Ashworthius martinagliai sp. n. 

1. — Anterior extreinit.v, lateral view. 

Fife. 2.— Posterior extremity of female. 

The oesophagus is long and claviform, increasing in diametei* 
from 0 022 m.m. at the anterior end to 0*14 m.m. at its ])os<erior 
end; in the females it varies in length from 1*77 to 18 m.m., in 
the males from 1*49 to 1*52 m.n^. ; it is encircled by the nerve ring 
just anterior to the level of the excretory pore. 


if. 

I 



Fig. 3, —Vulva and associated organs, showing ciiticular flange F. 


Female . — Adult specdmens, containing eggs, vary in length from 
17-5 to 19 m.m. with a maximum thickness just anterior of the vulva 
of 0*37 to 0*4 m.m. The Ixidy tapers towards both extremities and 
terminates posteriorly in a pointed tail 0*28 to 0*34 m.m. long (Fig. 
2) with tAvo cxinspicuous caudal papillae about 0*1 m.m. from its tip. 
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Tlie vulva is a small transverse slit situated in the posterior half of 
the body at about the junction of the fourth and last fiftli; in most 
c.ases it is only very sli«htly protuberant. It is encircled by a 
caiticiilar rhi^ jnst below the cuti(‘ular body coverin":. A 

lin^uifonn ])rocess is entirely absent, but lateral of the vulva there 
may be one oi* two small rin«‘-like expansions of the cuticle (l^ig. d) ; 
in twelve specimens six had this ring on the left side only, three on 
the right side only, two on both sides, and one had none. Adjacjent 
to the vulva there is a small papilla limited to the right side only. 
The vagina is short and transverse and leads directly into the straight 
ovejecdors measuring from 0*7 to ()*9 iii.m. inclusive of the sphincters. 
The ovaries are wound roiiml the intestines as in llarmonrh tis con- 
tort us, The eggs are oval and ihin-shelled and are segmented rn 
utcro; they vary in size from 0 07 to 0 07d ni.iii. long by 0*038 t() 
0*044 m.m. liroad. 



Fig. 4. — Ventral view of bursa. GC’ -genital eone; GA-genital 
appendage: 1)L — dorsal lobe. 

Male , — Fully grown males vary in length from 11 to 13 ni.m. 
with a maximum thickness just anterior of the hursa 0*23 to 0*20 
m.m. The bursa is ample and consists of two elongate lateral lobes 
with finely serrated edges, which overlap each other at their liases 
on the dorsal side (Fig. 4). The dorsal lobe is relatively small and 
symmetrical and lies ventral to the overla|)ping portions of the lateral 
lobes; it is somewhat heart-shaped and carries only the dorsal ray, 
the externo-donsals being lodged in the lateral lobes; its tip is 
slightly notched and its edges are not serrated. The ventral and 
lateral rays have a common stout stem, which sub-divides into three 
branches: a ventral, median, and dorsal. The ventral branch divides 
to form the two ventral rays, of wdiicli the veiiiro-veniral is smaller; 
it runs adjacent to the latero- ventral for about half its length, after 
w’hich it is slig^htly bent towards the ventral side; only the tip of the 
latero- ventral IS bent ventrally. Tlie median branch gives rise to 
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externo-lateral aud medio-lateral rays; the former is the largest of 
the bursal ray^s and passes siraig:ht to ihe edge of the bursa; the 
medio-lateral runs paiallel to it for about two-thirds of its length, 
after which it becomes slightly arched dorsalwards. The dorsal 
branch forms the postero-lateral ray only; its proximal half lies 
more or less parallel to the postero-lateral rays, but its distal half 
is more strongly arclied dorsalwards. The externo-dorsal ray lakes 
its orig'in from the base of the dorsal ray before it enters inlo the 
dorsal lobe; it is slightly arched and rib-shaped. The dorsal ray is 
straight and has a stout l)ase; it tapers towards its distal extremity, 
which is divided into two short brandies; at about its middle it 
gives olf two short liranclies on its ventral side; these bend vejitral- 
words and terminate in the ventral surface of the dorsal lobe. The 
s])ieiiles are stoui and daik bnnvn in colour (Fig. o). Their dimen- 
sions are 0 dl5 to ’0 d72 ni.m. long by 0044 to () 04S m.m. bioad at 
their proximal ends. Kadi spicule carries two transverse ridges 
towards its tip; these are limited to its dorsal and outer faces, and 
when view'od from either Uie dorsal <n‘ vential aspect the s])icule 
appears to carry two barbs; tliCvse are situated some 0*048 and 0 00 
m.m. respectiAely from the somewhat blunt sjiicular lip. At about 
the junction of its third and fourth-fifths each spicule gives rise to a 
spike wdiich arises from the dorsal surf'a(‘e of tlie spiculi*, somewhat 
more fow’ards its inner face; it ])asses backwards along tlic dorsal 
side of the spimile to about the level of the proximal barb-like 
ridge. 



Fiji;. .*). — V'entral view of spicules after reiiamil froiu body. 


On the ventral surface each spicule can ies two longitudinal 
ridges, which converge and meet proxinially, but terminate disially 
each in one of the barb-like ridges. 

^ is absent ; but a deli(;at/e prebnrsal papilla is 

lodged on cut her side just anterior to the base of the bursa. 
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There is a well-developed genital roue () 0f)2 lo 0*078 ni.in. 
long, somewhat pyramidal in shape, and flanked on its lateral side 
by two oonspicuoiis genital appendages, wdiicdi are slightly curved 
over its distal end. 


The geiuiN A,sh irortliiva was created by le Itoiix (1980) for the 
reception of a sloniacli worm A, partoni, le Jloux (1980) from the 
bushbuck (Triffjclaplms sijf raticuti), Zuhiland. The species described 
above agrees with the genotyi)e in ihat it carries a buccal tooth, has 
a symmetrical dorsal bursal lobe and has no gubernacuhun in the 
Jiiale or linguiform jirocess in the female. It differs fnmi it, how- 
ever, in its much smaller head, entire separation of the dorsal bursal 
lobe from the lateral lobes, differently shaped s])it‘ules, larger ventio- 
ventral rays, ])resenc(‘ of a ])apilla on the right side of the vulva 
and usual j)resence of one or tw*o cuticular flanges on the body at the 
sides of the vulva. These differem-es may, wdtli the increase of our 
know'l<*dg(* of the genotyi)t‘, ])ei haps warrant th(‘ creation of a se])aiate 
genus for its reception; unforiunately, the material of the genoty])e 
is at ])rest»nt too meagie to allow* of a moie detailed conipajison. 

In 1922 Jlaylis and Daubney (h'scrihed N aononclnfs (‘crvinua 
from the spotte'd deer {Cvrcus a.nn), India. Unfortunatcdy their 
material was in a ])oor condition, and the only niale ])resent had an 
incom])lete biusa, which was thus not described; this species agrees 
w'ith that described above in its very small head (9*928 to 9*92^) 
m.m.), and iii the absence of a linguiforjyi process in the female; 
it differs fi*om it, however, in its smalho* size (18-lo m.m.), its longej* 
female tail (9*87 m.m.), absen(‘e of a pa])illa on the right side of 
the vulva and iibsenc'e oi cuticular flanges lateial of the vul\a. 


I j( trial Sitifjrs, 

Among th(» adult sj)eeiniens of this ])arasi1t‘ (here weie seveial 
e\am[)les of early fourth-stage larval stages and a few examjiles of the 
filial female fourfh stage. The earl^ fourth-stage larvae are small 
and slender and vary in length from 2*28 m.m. to 2*79 m.m., with 
a maximum thickness of 0*044 to 0 047 m.m. The cuticle carries 
very flue aniiulatioiis, which extend from ju.st behind the oral a])er- 
ture up to almost the to}) of the tail. The body is straight and of a 
more or less uniform tliiekness, exee])t for the two extremities wdiich 
are tapered; the tail (Fig. 0) is })oiiited and is twisted dorsalwards 
and varies in length from 0*99 to 9 11 m.m. There are tw*o distimd 
and peg-like cervical j)apillae lodged from O lo to 918 m.m. from the 
anterior extremity. 

The larval buccal capsule is small, hut quite clistincd, and is 
somewdiat l)ow'l-sha])ed, its depth being equal to its breadth (Fig. 7), 
lieing al)Out 0*005 m.m. in both dimensions. It leads into a sim})le 
cdub-shaped oesophagus, 9*87 to 0*42 m.m. long, which is about 
0*01 broad at its anterior and 0*029 m.m. broad at its ])osterior 
end. It is encircled by the nerve ring just anterior to the level of 
the cervical i)apillae, and the excretory pore is found about michvay 
between the levels of these tw^o strucdures. 
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The ^enitaJia are still uuditferentiated and still c-onsisi of a lens- 
shaped gjoiij) of cells situated ventral of the intestine at about the 
junction of the third and fouiili body fifths. 

Two female specimens representing the final fourth stage were 
juesenl. Both are enshealhed, the one showing the i)r()visional buccal 
capsule only, while the other already shows the final mouth with its 
buccal lancet (Fig. 8). The former is 4*57 ni.m. long, with a maxi- 
mum thickness of 0*1 m.m., and the tail is pointed and O ld m.ni. 
long (Fig. 9). These three measurements for the other larvae are 
4 8 iii.m., 01 m.m., and 0*19 m.m. respectively. The iiositkm of 
the future vulva is indicated by a ventral swelling 0*94 and 0*97 
m.m. from the tip of the tail in the two larvae respectively; the 
vagina, however, has not yet acquired its external oj)ening. In botli 



AshiCinfhniH martiiKffjlwl sp. n. - 


Kig. 0. -Tail of early fourth-stage inrva. 

Fig. 7.— C'epluilu* extremity ot early fourth-stage larva. 

Fig. 8. — Ck'plialic extremity ot ensheathed fourth-stage hirvn. 

Fig. 0. — CUiudal extiemity of ensheathed fourth-stage female larva. 

woj'ins the development of the internal genitalia is at about tlie 
same stage and consists of a short transverse vagina leading into an 
unpaired hollow and longitudinal portion, which at both ends joins 
on to the ovejectors; these in turn are followed by a short uterine 
portion which finally join on the short ovarian portion, Avhich at this- 
stage consists of a simple rod of single cells. 

The material unfortunately contained no fourth-stage males. 
The smallest fifth-stage male is a single specimen 4*5 m.m. long*^ 
and 0 12 m.m. hroad just anterior of its bursa. It shows all the 
characteristics of the adult, except that the lateral bursal lobes are 
relatively much shorter, and in consequence the unpaired dorsal lobe 
is of the same length as the lateral lobes. 
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Siij)oifiu». : Trtcih ifoiDEA Kailliei, J91(). 

Fum. : Till CHI’ HiJ>AK Kaill., 1915. 

Sul)-fani. : Tru ht rinak JJansoin, 1911. 

TiuciiURis (n.ourLosrs (v. Jiijjsi., 1901). 

Si.\ specimens (ibiee males and tliree females) of Ibis species 
^ye^e oMaiiied from llie caecum. They a^ree in all essenlials with 
Sprebn’s redesc!*i])t,ion of ibis species, except with re^>ard to the 
breadib of ibe sj)icule. S])rebn‘s «‘ives Ibe spicule as () ()8-0 09 
m.m. bioad. In my spetumeiis ibe s])icule is 0- 088-0 ■04 m.in. lm>ad. 
Represeiiiative material, from sheep, in ibis lahoraiory lias spicules 
varying? in breadth from 0-0*»8 io 0 044 m.m. These measurements 
are more in a»r(*emeni with those o-iven by Baylis (19812) (0-0825- 
0-05 m.m.) and (tebauer (0-082 m.m.). 

C lass TREMATODA. 

Snper-fam.: l\\RAMrji isroMoiorA Stiles and (loldber^er, 1910. 

Fam. : Paramimiisiomidm* Fiscboeder, 1901. 

Sub-fam.: F vrampiiistomiwi’ l^'iscboeder, 1901. 

(Vri'VLoeiioRox ( orYioviioRoN (Fiscb, 1901) Siiles and 
(loldb., 1910. 

48iis species was rc'presented b;s ien sjiecimens collecied, with 
ibe tollowin<i‘ species, fiom the Uumen. 

Fain.: (1 \s rRoiriYLAC idai^ Stib's an<l ()}oldbe?>»ei-, 1910. 

Sub-fam.: ( t vs i roi ri yt. \(ux \r Stib\s and (loldbei-^er, 1!)10. 

(tastroaiiylax cri'aikni kkr (Frei)lin, 1847), 

Poirier, 1888. 

About two dozen s])ecimens were pn^sent, varyinn- io len^’ib from 
0 to 10 m.m. 


IIksume. 


Foul* helniinibs are recorded from ibe Kyl^biae {Bosrlaphvs 
t rai/orn fiH'his), India. One of these — Ash irarfhi us uuirt imufj iai — a 
trichostronffylid stomach-worm, is new to science. Its mor]>bolo^y is 
described, to^J*etber with ibe early fouitb stai>e and late fourth 
sia«*e female larva. Trichuvts (jhthulasus, Cotylophorou cotylophoron 
and Gust rot hyla,v crumenifer are recorded from this host. 


hp:fkh iwpks. 

BAYLIS, H. A., AND DAUBNEY, H. (1922). Report nf the Parasitic Nema- 
todes in the Collection of the Zoological Survey of India. Mfim. Ind, 
Mvsciim., Vol. 7, No. 4, pp. 387-8:i8. Calcutta. 

BAYLIS H. A. (1932). Three Notes on Parasitic Nematodes. Ann. Mug. Nat. 
Hut., Ser. 10, No. 7, pp. 499-501. London. 
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ADDENDirM. 

Sine.e writing* the above the writer lias seen an article by 
NrijiTLZ (1933)”^ wherein lie describes A.^lnrorihiva sidenii sp.n. from 
Pscv(la\,ri.H hortulonnn. This sjieoie.s differs from the writer’s 
principally by the shaiie of its spicules, the origin of its ventro-venlral 
bursal ray, and the jiresem^e of a lingiiiform jirocess in front of fhe 
vulva. 


* S(4ilILZ, U. Ed. (1933). Ashtnorflttvs sidemt n.sp. « (NematcKia, Tricbo- 
strongyhclae) aus einein Hirscb {Pseudaxh^ horfalorum) des lernen 
Ostens, Zf.H. Pamsitk,, Vol. 5, Nos. 3/4, pp. 736-739, Berlin. 
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On the Metacercaria and Adult of Clinostomum 
van der horsti sp. n., a Trematode Parasite 
of Fishes and Herons. 


liy K. AI.A., Ph.l)., IJ^sejnc li Officer, ( hHlej‘stc])<)()rt, 

Soulli Africa. 


A PKkSKK vj'.i) »;j)(‘CJ iiH ‘11 oi the lish it natluinennis marrole puiohis svas 
kin(Il\ placed at the dis]M>^al ot tlH‘ writer hy Prof. J. van der 
Horst of th(‘ Zoological l)e]an tiiient, Univei\si(y of the Witw'ater.^- 
rand. This hsh had died in the aiiuarinni of the rniversity, and on 
hein;*' ojKoied Prof. v. d. Horst noticed that it was heavily jiarasitized 
hy a lar\a] trematodi*. Thewritei- ideiitifital these as the niatacer<‘ariae 
of a (dinosfonie, and ari'anj»enients wine then made to (d)tain fiesli fish 
matenal fioin Piid. d. Horst in older tliat th(‘ iiesh nndaeercariae 
could 1 m* fed to a suitable host in ordi*]* to obtain the adult parasite. 
Two live fishes were olitained, both (»f wdm h piov(*d on di'^seetion to 
he hea\ily parasitized. 'riiese were fed to a >oun^' blatddieaded 
Heron--- Anlid melannerphala— wlDvh had just left tlie nest, and 
w'hicli on <‘\annnat ion had been found to be tiei* of helminths. 1’lie 
writer wishes to ex])n*ss his siiuen* thanks to Piof \.d. Horst for 
jirovidinj^ him with this material and to Dr. lii^alki* of tlie .\ational 
Z(M)lo^ical (lardens, i^retoria, foi‘ placing- the heron at his disposal. 



Pig. I,- (»n(it/naivnius ukh nthfutlofufs (natural size) with Metaeereanae of 
iHinistdmuw run iirr hoi.sti sp. n ni situ. 


Mefaeereana . — The parasitized fishes which were examined were 
ea(di found to contain about 50 metac.ercariae ; these for the most [lart 
filled up the whole of the body cavity, being attached to the lining of 
the body cavity (Pig. 1). None were attached to the internal organs, 
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and only a few were found to be superficially^ buried in the muscles 
of the abdominal body wall. Ea(‘h meta(*ercaria w^as somewhat 
rounded, about 2 to *1 mm. in diameter, and surrounded by a thin 
transparent envelope; they were all lyin^>’ close a<?ainst each other 
so that collectively they looked somewdiat like a bunch of ptrapes. 

On removinj>’ the envelope it wuh found that the contained meta- 
cercaria was folded on itself dorsally, and when placed in normal 
saline it showed active movements of elongation and contraction. 
Some of the metacercariae were fixed according* to Looss’ method in 
Schaudin’s solution, while others w^ere examined alive under slight 
pressure. Serial longitudinal sections were cut of the former. As the 
morphology of the metacercariae is practically identical wdth that of 
the adult, it will be discussed later on. The only differences are that 
the metacercariae are slightly smaller, the ju’eserved specimens being 
from 5 to (J nnn. long; the vitellaria have not yet made their 
appearance; and the genital glands are smaller. 

One of the fislies containing the living metacercariae was fed to 
the heron by forcibly sliding the fish down the gullet. As the heron 
was kept in an erudosed cage there was no likelihood that it (*ould 
contract an infetdion other than from the infected fish. It had free 
access to a bowl of clean tap water, and its daily food consisted of 
chopped up beef and muttcm. The heron was unfortunately not 
examined until the 8th day after infection, on which <late matu?*e 
worms w’ere already present ; it is thus not possible to state w’hen the 
adults first took u[) their final location. Yamaguti (1983) found the 
adults of (\ voinplaiuttuin (Rud) 45 hours after feeding the inetacer- 
cariae to a heron. Nine of these adults w'ere seen firmly attached to 
the mucous membrane of the inotitb round about the glottis, and one 
was fixed inside the glottis. An exyunination of the upper half of the 
oesophagus revealed no further worms; as the heron had sAvallow^ed 
about 50 metacercariae, the ]ux)]»ortion w’hioh attaine<l maturity w^as 
surprisingly low^ 

The worms were firmly attached by both their oral and ventral 
suckers and it recpiirefl (onsiderable force to remove them. The 
ventral sucker draws a portion of the mucous membrane into its lumen 
and, using this attachment to anchor itself, the woriU bends its head 
end sharply ventrahvards and bores into the mucous surface wutb its 
oral extremity. There is a muscular ridge or (ollar just behind the 
mouth, and this, w^hen pressed against the adjacent tissues, firmly 
fixed the head in the tissues. On being pulled the ventral an<‘hor 
is the fiist to relinquish its hold, and a further pull frees the head 
which comes aw'ay with a portion of the surrounding tissues. A deep 
vsear is left which tends to bleed profusely. During the (‘ourse of the 
next few' weeks the position of the w'orms w'as noted every day, and 
it WTis found thaf they change their position fairly often; the old 
place of fixation was alw^ays represented by a s(*ar. 

The adult worms are bright pink in colour, whereas the meta- 
cercarme are of a creamy colour. The pink colour is due to the blood 
on which the adults feed. As free blood was seen to be present in the 
vicinity of the wmnns, and as the head end is so firmly attached that 
there is little likelihood of blood escaping round the sides of the head, 
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it is probable^ that blood is pumped throu]y>'li the gut to be expelled at 
the “ anus in somewhat the same way as that described for 
Ancylosfovinrjh caninum by Wells (19dl) ; at any rate the worms 
perform considerable contractile movements in situ, so that it would 
be quite easy for the blood to pass to the exterior before it had time 
to be<*oine digested. 



Fig. 2. “"Ventra] view of ceiitiro worm, drawn irom living specimen slightly 
flattened. (\P. -cirrus pouch; Kg=-eggs: Ov.- ovary; U.D.- 
uteroduct; F.S.^ uterine sac. 

Morpholoify , — When fixed in Schaiidin^s soliif ion the mefacercariae 
and the adults have mindi the same shape, except that the former 
is slightly smaller, being from 5 to 0 mm. long whereas the adults 
are from 6*2r> to 7 inni. in length. The body (Fig. 2) is broadest 
in the region of the genital glands where it is 2 mm. broad and 
0*9 mm. thick in the adult. Behind this region the body tapers 
rather quickly to end in a bluntly pointed tip. Anteriorly the body 
narrows to the level of the ventral sucker, after which the breadth 
remains more or less uniform to become suddenly rounded off at the 
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oral extremity. lu transverse sei'tion the ImxI.v is somewhat semi- 
eircular, having' a somewhat tlatteued or slifrhtly concave ventral 
surface and a convex dorsal surface. The cuticle is provided with 
very minute spines, about 0 01 mm. lonf?; these are limited to the 
postacetahulai refrion of the, body and their tips hardly pierce the 
cuticular surface. Even in sections they are rather difficult to make 
out. They are present in both the metacej'c.aria and adiilt. 



Fiji. ‘1 -Vertical section of oral extremity sliowin^ (‘otisl itiit ion of wall of oral 
Mickcr and absence of pharynx. 

Till* oral sucker is leruiiiial, and its ajierlure lies in tiie ceniie 
of llie soinewliat flattened anterior surface ; it has a slightly ohlonj** 
slia]ie, heiiio* 0*42 nini. lonc' find 0 jiiin. hroad ( d). Its wall 

is divisahle into three parts, namely an iiinei' purely muscnlar portion 
with ladial fibres; a middle portion consisting* ot ladiaJ muscle iihres 
and glandular cells, and a thin outer iiortion consist iuo- of liidial 
muscle fibres only. A very thin layer of longitudinal miisch* fibres 
sepaiates the inner from the midfile portion. 

The ventral sucker is very musculai and is situated about 1 mm. 
behind the anterior extremity, in yireserved sj)ecimi*ns it is somewhat 
sunken into the body and its inner ed^e is almost adjacent to the 
dorsal body wall. It is about (1*9 mm. broad by 0 TeS min. lone* and 
has a depth of 0'7 mm. Jn liviiiy>' s]iecimens its external openiny^* is 
somewhat triangular with the apex pointing backwards. Its wall is 
very muscular (l-Tb mm. thick and consists of radially arrayed muscle 
fibres, betw^een wdiich isolated rows of small nuclei are seen. 

The cuticular layer varies in thickness from 9 (Hi mm. (meta- 
cercaria) to 0 (19 in the adult. Immediately underneath it there is 
a very thin layer of longitudinal muscle fibres, followed by a zone of 
circular fibres from OO^ri to 9*047 mm. in thickness; then there 
is an inner layer of longitudinal fibres 9 ()iy to 9*922 mm. in thick- 
ness wrhich is then follow’ed by an inner layer of circular fibi'es, this 
layer varying in thi(‘kness from 0*0»12 to 0*09 mm. As pointed out 
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by Buer ilu‘ l)reseiU'.e of all these imiscle layer in the sub- 

( utieulur seetiou is very reminiscent of that which is seen in (jestodes. 
Tlie paven(‘hyma is also very well supplied ^^ith muscle fibres, (drciilar, 
loiif^itiidinal and vertical, and in aiuonj»‘ these, especially on tlie 
preacetabular ref^ion, there are niiineroiis ^»‘landiilar (dls, 

Ihi/estirr — The oesophagus is short and is composed of a 

weak muscular layer consisting of a mixture of radial and lonpfitndinal 
jnuscle fibres; it is siirj'ounded bv a ]arp*e minil)er of j^landular cells 
which appear to be similar to those found in the wall of the oral 
sucker. A pharynx is entirely absent. I’he two intestinal branches 
extend almost to the })osterior extremity; from behind the level of the 
acetabulum each ^ives risi* on its outer and inner surfaces to a number 
of conspic uous sacculations, A very small canal pasvses backwards 
from the dislal end of each intestinal caecum to open into the small 
ex(*]*e<ory vesicb* which in its turn opens to the exterior in a fairly 
cons]iicuous |)ore situafed subterniinally and ventral (Kig*. 4). That 
ihe connect ion>. between the caeca a,nd excretcnv vesicle liave a 
functional ^i^^nifit-ance was noted in all the livinfr spe(*imens 



Kiji. 4. lU'constnu’tioii tiom tmn serial seelions sbowinj*; connection beti^cen 
intestinal caeca (O) and excretoiy vesule (K.V.). E.P. —excretory 
pore. 


examined, metacercariae and adults. The intestinal contents naturally 
flowed down these canals and passed to the exterior via the excretory 
pore; this could also he very easily indu(‘ed when the worms w^ere 
placed under coverslij)s under slight pressure just sufficient to make 
them transparent under the microscope. These connecd-ions between 
ihe caeca and excretory vesiide were also showui in section of worms 
wffii<‘h had been killed and fixed without previous exaiuinatiou under 
the microscope. The material excreted in the adult specimens con- 
sisted of blood cells in various stages of digestion. 

These communii ations between the digestive system and excretory 
vesicle have recently been described and tigured by Yamag’uti (1933) 
for ('iinoatonrum complanafum (Kud, 1819); although he saw* iii 
living specimens that the intestinal contents are sometimes forced into 
the vesicle he does not think it probable that a normal functional 
anus is therefore present. However, the writer, after an examination 
of living specimens hold a contrary view* as stated above. 
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E:tcr0tory System, — l^his system consists of many branched 
tubules Ijing- in the parenchyma and sub-cuticular tissues; these 
(ollect into larger tubes which pavss backwards driving’ the excretory 
material backwards; one of these lies just outside of the intestinal 
cae(’a and its lumen is provided with bunches of cilia which lash back- 
wards; these tubes join to transverse tubes just anterior of the 
excretory vesicle and these in turn open into two large wavy tubes, 
one on either side between the body margin and the longitudinal 
tubule described above; these large canals disappear at about the 
level of the ventral sucker. Except for its posterior fifth its lumen is 
free of cilia; these large tubes open each into one of the horns of the 
V-shaped excuetory vesicle. The limbs of the excretory vesicle are 
slightly swollen and in section have a greatea' diameter than that 
portion which opens to the exterior. The excretory ])oie lies in the 
mid ventral line only very slightly removed from the posterior tip of 
the body. 

lie product ice System . — The genital glands are situated in the 
posterior quarter and consists of two slightly lobed testes, between 
which and slightly to the right is the smaller and somewhat si)herical 
or crescentic ovary (Fig. 1). The testes are more or less of eijual 
size, the anterior, however, may appear smaller: they till up most 
of the space between the intestinal (*ae(‘a; they aie about 1 mm. 
broad by 0*7 mm. long and t)*5 mm. thick and are about 
0-4 mm. apart. The cirrus pouch is somewhat ])yi‘iform in 
shape, and lies just posterior of the anterior testes on its 
right side; it opens into the genital atrium at the level ot the anterior 
testes. It is muscular and is about O’b mm. long and 0*34 to 
0*37 mm. broad at its base; the cirrus is very muscular and volumi- 
nous and its surface is studded with cuticular bosses similar to those 
described for lophophaliu m Baer, 1933. A very laige resir ula 
semivalis is present in the base of the (‘irrus pouch; i1 is very much 
coiled on itself. A pars prostatiiHi is absent; The genital atrium 
opens on the ventral surface a little to the right of the jnedian body 
line and at about the level of the middle of the anterior testes; it 
receives the openings of the cirrus sac and metraierm on its posterior 
and anterior fac.es respectively (Fig. 5). 

The ovary is situated on the right side between the testes; in 
ventral view it is slightly crescentic in shape, but is somewhat 
spherical in dorso-ventral section. Tt is about 0-32 mm. long, 
0*28 mm. thick and 0‘2o mm. broad (Figs. 1 and Ga). The oviduct 
is short and is lined with columnar (‘ells bent away from the ovary; 
ajitero-dorsally it joins with the Jjaurer’s Canal, which is relatively 
very muscular and long and may become enlarged just before entering 
the oviduct; the external opening of the Laurer’s Canal can very 
easily be seen in the dorsal midline in the living specimen when 
examined under moderate magnification. The yolk leservoir opens 
into the oviduct on its posterior face soon after it has joined l^aurer’s 
('anal; it is a triangular organ, the two points of its base being 
continued into the transverse vitelline ducts. The oviduct now con- 
tinues as the ootype and further as the uteioduct w'hitdi performs 
several convolutions on itself between the testes and ovary to 
eventually pass forw^ards on the left side of the anterior testes and 
after being coiled once on itself it entevs into the uterine sac on its 
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dorsal surface about O S iiini. anterior (»f Ihe anterior testes. Tlie shell 
^jj'land is very ])ooily develoj)ed and consists of relatively few cells. 
The uterine sac extends from the anterior testis to about 0*4 uiin. 
posterior of tlie acelabuluin and (*ontains numerous eg^s. The metra- 
term is a straift'ht canal ])assin<»- bacjkwards and ventralwards from 
the rig’ht ])osterior corner of the uterine sac to open on the anterior 
faite of the genital cirrus. Tlie distal portion of the yolk jeservoir 
duct, the ooty]>e and the first j)ortion of the ut(‘i‘oduct are lined by 
cilia which ])erform a lasbing movement towards the uteroduct. 



Sg 
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Fig. G. — A. liecoiist I action of proximal poition of female genitalia. L.C\== 
Laiirer’s canal ; Ov. -ovary; U. I). =;uterodn(‘t; V. I). - \ itelline 
duct; Y.D.=yolk duct; Y.H.-yolk reservoir. 

B. Kgg from mouth of lieron. 
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The eggs (Fig. (in) are oval, opereulated with a relatively thick brown 
shell; w’heii laid their iMmtents are still in the morula stage. They 
vary in length from O lio to 0- 122 iniu. by 0 07 to 0 073 mm. broad. 
The vitellaria c*onsists of numerous isolated glandular follicles extend- 
ing from behind the acetabulum to the ])osterior end in two broad 
lateral bands along the sides of the body except that they meet ven- 
trally under the uterine sac and posterior of the genitalia; two trans- 
verse ducts, one on each side, pass inwards and unite with the corners 
of the yolk reservoir. 


Discussion. 

From the above desciription it will be noted that the morpliology 
is very similar to that of loplutphalhnn Baer, it, however, 

differs from this spe(‘ies in that a ])harynx is absent and the intestinal 
(‘aeca opei] to the exterior through the ex(‘retoTy pore. These two 
characters together are of sufficient imjautance to separate this si)e(*ies 
from all the known specdes of this genus, and the writer has great 
pleasure in naming it after the donor through whose interest and 
kind servi(‘es the material was made available for study. 
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Since writing the above, the writer has received a personal communication 
from Dr. J. G. Baer, wlierein lie informs the writer that he has re-examined 
his sections of G. htphophitllurn and has failed to observe a communication 
between the intestine and excretory vesicle. He has, liowev(*r, found some 
red blood corpuscles in some sections of the excretory canals, and therefore 
suggests that some coinmunicaticw must exist. A re-examination of the writer’s 
se(‘tu>n has failed to reveal any red Wood corpuscles in the exci^tory canals. 
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The Lethal Dose of the Toxins of Some 
Anaerobes for Sheep. 

liy J. H. MASON, F.U.O.V.vS., K.S.E., Kiiipire Marketiuo- Board 
Research Fellow, Onderstepoorl . 


A (OMMON method of determiiiio*^ the iiumuiiity ]>ro(liice(l in sheej) 
hy the injection of antij?ens j»repared from the s])ornlatin<»‘ anaerobes 
is the intramnscular or suhentaneons injection of living* culture. 
Provided that one has had considerable ex])erien(*e with the antifjen 
and tlie organism in (piestion, little objection can be raised — a rouj^h 
answer, usually sutiicient for practical ]>ur]) 0 '^es, is obtaiiUMl. How- 
ever, not infrequently the test culture, pre]»ared in the same manner 
as on ])revious occ^asioris, fails to kill the (‘ontrols or test animals that 
should die, and thus the experiment is rendert^d valueless. 

With the exception of ('I, rhauroei (causin*^* bla(*k qmnder), the 
anaerobes i esiion-^ible for diseases in sheej) are toxiii |»ro(lucers. These 
are CL sepfique (braxy), the lamb dysentery bacillus or ('L welchiiy 
Type B, AVilsdon (lamb dysentery, b]oed]»ens), CL ocdeuuii tens (^black 
(liseaNt*), and <1. (n'tiouot u^ or f7. trch ha. Type 1), AVilsdoii (entero- 
toxatMuia and pulpy kidney disease). 

Sim*e the toxins of ihe anaerobes ate readily stabilizeil by })re- 
(dpitatin^* toxic tilirates with ammonium sulpliate and drying*, and, 
further, since tlie injection of toxin is a more a(*curate method of 
testing* antitoxic immunity than is the inject ioji of culture, the writer 
decided to (‘omjtare the toxicity of the various toxins in sheep and in 
mice and ; 4 'uinea-])ij 4 ‘s. The results art* prt*sented here, in tlie hope 
that th(*y may serve as a j^uide to others who have not had a 
sufficient number of sheej) at their disi>osal to establish the ratio 
between toxicities in mice and sheep. 

All the or/;»'anisms were “ single-celled |)rior to the commence- 
ment of the test. Moiqdiolo^dcally, culturally, biotdiemically, and as 
rej^ards theii- ])atho^enic effect on ^uinea-])i^s, they behaved in the 
manner described for tyjtical '-trains. The CL srpftfittr and CL 
oedemriiiens cultures were originally obtained from the National 
Collection of Type Cultures, Lister Institute, the CL ovifontrus strain 
(Ra) from Dr. Bennetts, and the lamb dysentery organism was a 
sub-cultiire of that originally isolated by Major Dalling. It should 
be noted that this Type B strain was of the 19d0 variety ’’ 
(Montgomerie and Rowlands, 1934; Dalling, 1934; Mason, 1934), 
and thus di<1 not produce the epsilon toxic* fraction of Glennv et alia 
(1933). 

All culturevH w^ere grown at 37^ (\ in Robeit son's meat broth 
(horse flesh) for the following periods: Type B, 20 hours; C7. 
septiquCf 30 hours; CL oedematiens, 48 hours; and f7. ovifoxientis^ 
5 days. After filtration, first through pulj) and then through a 
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lierkefeld caudle, the filtrates were saturated with amuioninm 
sul])hate, the ])reoipitate blotted and finally dried in vacuo over 
HavSO^. For use 100 m^?TU. vere dissolved in o O c.c. of saline 
solution. 

The luiniiiiuni lethal dose for mice and p:uinea-pigs was estab- 
lished in hundreds of animals. The Ch Hrpfiqve and Type B toxins 
had been ])repared seven years previously, their toxicities remaining* 
constant over this jieriod. The oedeniatieiis toxin (toxicity worked 
out by the intramuscular injection of mice) and that of ovitoxicus 
were of recent ])re])aration, their values bein^ established over a 
])eriod of months on ap])roximately 70 nu(*e. 

Ihe Sheep. — All were Merinos, mostly hamniels and of dift'erent 
weights ami ai»es. Xeialy all had been throujrh a loupinu'-ill experi- 
ment; some throu^^h blue-tongme, black (puirtor, or various ])laiit- 
feediu^* experiments. After the injection (always intravenous) of 
toxin, at least a week was allowed to ela])se before the result was 
recorded. In some cases, sheeji received three different toxins at 
different times. However, sheep which survived the injection of 
t'Y. trclrhfi^ Tyj)e B toxin never received that of f7. Type D 

and nre rerm. 

When experimentation indicated the a])]>roximate tatal dose, 
further tests were put up in whi(‘h so much toxin per kilo-hody- 
weight was given. 

T{ KSULTS. 

f7. avptique. 

Xiunher of sheej) used : *18. 

Weights varied between 20 4 and 82*0 kilograms. 


toxioitV. 


Irrespectm* of Weight. 


Per Kilogram Body weight. 


of injecting 
2 ‘0-3 *3 mgm. 
per kilogram. 


Mgm. 


JleHult. 


Mgm. 


Result. 


.Weight (Kg.). 


120 

110 

m 

00 

80 

72. 74. 70 
70 
00 

00, 02 

04 

44, 40, 48, 60 
40 


t 
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3-8 

i t 

t/ 

3-6 

t/ 

ttt/ 

3-3 

tt 

tttt/ 

3*0 

tttt// 

ttt// 

2*8 

t// 

ttt/ 

20 

tttttttt// 

tt/ 

2-3 

/ 

tt/ 

2-2 

ttt// 

t/ 

t///// 

t/ 

1-7 

/// 


. Less than 22 

ttt//// 
22-26 tttt//// 
28 3-27 -8 

tttttttt// 

28 or more 

tttttt// 


M.L.D. guinea pigs (260-300 gms.) 3-0 mgm. 
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t death. 
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To l)e ceriaiii of killing a mouse, O li mgiu. was ne(‘essury, 
althoiigli 0 1 mgm. fre(|uently did so. The same variaiiori occurred in 
sheej), some being killed with 2*2 mgm. ])er kilogram and some 
living after having received .‘10-1*5 mgm. ])er kilogram. It would 
a])])ear that more than d O mgm. ]»er kilogram was necessary to be 
reasonably certain of a lethal effect. Taking the lethal doses at 0*2 
mgm. and f‘l*5 mgm. per kilogram for the mouse and sheej) res])ec- 
tively, the ratio of mouse to kilogram shee])-body-vveight is 1 ; 17*5. 

The time elapsing between injection and death varied between 
four hours (.‘15 mgm. jier kilogram) and .‘10 hours (2'(> mgm. per 
kilogram). However, as a rule, sheep injer ted during the da.\ with 
a bdhal dose were dead next morning. 

CL trrlrhn. Type B. 

Xumber of sheeji used: LS. 

AVeight^ varied between 12 and .‘12 kilograms. 

TOXrOTTY. 

IiTos|K>ctivo of wei^jfht. TVr kilo^i^ram body 


Mgm. 

Ue'^iilt. 

Mgm. 

KoKult. 

2U 24 

tf 

1 J-1-55 

-f-tt 

m-17 

ttnt 

0 • 7.5-0 0 

ttf// 

15 

/ 

0-5 0*05 

*^ttt/, 

10 12 

ttt'/ 

0 :ir>-o i5 

, , / 


M.L.I). lUKc {15' 18 ^nis.) U-(»2 in^ni. t <Uath. 

M.J^. 1). jiuinoa pi^;s (25()-:ja0 jirns.) () 14-0-2 mgrn. live. 

Ikikiiig the .^lieep M.Ti.l). to be 1'2 mgm. ])er kilogram, the 
mouse to slieej) ratio is 1 00. The inteival between injecdion and 
death varied between one liour (11 mgm. [)er kilogram) and four 
days (0 t)0 mgm. per kilogram). Four sheep died within four liours, 
three in from 18 to .‘10 hours, and three in tiom .‘1 to 4 dass. 

CL irflcJni, 1\vpe 1). 

Nuinbei’ of sheep used : 2.*1. 

Weights varied between 14 and ‘35 kilograms. 

TOXICITY. 


Invs|K‘otive of weight. I Pct kilogram body weight. 


Mgm. 

1 Kesult . i 

Mgm. 

Result, 

100 

t 

(it) 

t 

10, 15, 20, 40 

tttt : 

2-5 

t 

7, 8 

tt 

0-7. 0-75, 10 

ttt 

4, 5 

t/ ; 

0-25 

tt 

20-2r) 

ttttt i 

014, 017 

tt 

i'8 

1 ' i 

009-0- 1 i 

tttt 

10 

; i'n \ 

0 -05, 0 -005 

r 

0-5, 0‘7 

// : 

0-04 

0-025 ; 

1 > ! 

/ 

mice 

(16-18 gms.) 0 008 mgm. 

t -- death. 

/ « live. 





LKniAh jyosh OF THE TOXINS OF SOME ANAEllOBES FOll SHEEP. 


Cl. welchhy Type D toxin gave a sharper end point in sheep 
than either 67. septique or Cl. welchii, Type B, because, with the 
exception of one sheep, all which leceived 01 mgm, (or more) per 
kilogram died, whereas those injected with () 065 mgm. (or less) 
per kilogram lived. Taking 01 mgm. ])er kilogram as the lethal 
dose, the mouse: sheep ratio is 1:12*5. 

The toxin killed quickly, 0*25 mgm. (or more) i»er kilogram 
killing in 1-4 hours. Doses around the M.L.l). killed in less than 
24 hours, i.e. overnight the animals were dead, only one sheep (0*14 
mgm. per kilogram) surviving this period, to die, however, within 
48 hours. However, even after 24 hours this animal was moribund. 

C I . oedemati en s . 

Number of shee]> used : 0. 

Weights varied between 19 and 24*5 kilograms. 


TOXICITY. 


Irrespective of weight. 

j Per kilogram body 

weight. 

Mgm. 

Result. 

I Mgm. j 

Result. 

200 ! 

t 

! 8-5 1 

t 

150 I 

t 

: 8-0 i 

t 

180 i 

t 

1 7-5 

t 

150 1 

/ 

4-0 : 


50 

/ 

1 2-0 1 

/ 

/ 

10 

/ 

i i*t> .1 


M.L.l). mice (15-18 gnw.) intramuscular injection — 0-06-0 08 mgm. 
t " death. / ~ live. 

The small number of sheej) u.stfd does not allow* the drawing of 
conclusions, but assuming 7*0 mgm. ])er kilogram to be a lethal dose 
for sheep, the mouse to sheep kilogram ratio is in the region of 
1 : 100 . 

The three animals which succumbed, died within 24 hours. 

Summary. 

The letlial dose of the toxins of four anaerobes has been ascer- 
tained in mice, sheep, and in tw^o instances in guinea-jiigs also. The 
inoiivse ; kilogram-body-\veight-shee|) ratio is as follows: — 

Cl. Hcptique l:17*5, 67. wclahiiy Type B 1:60. 67. welchii, 
Type D 1:12*5 and 67. oedernatien.% 1:100. The last 
ratio was arrived at by the use of only six sheep and is 
thus ajiproximate. 
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The Antigenic Components of the Toxins of 
CL hotulinum Types C and D. 

By J. H. MASON, F.li.C.V.S., F.R.S.E., Empire Marketing Board 
llesearch Fellow; 

E. M. EOBINSON, F.R.C.Y.S., D.V.Sc., Dr.Yet.Med., Sub- 
Director of Veterinary Services, Onderstejioort. 


INTRODUCTION. 

li^TOXiOATio^s caused by the ioxiiis of the (- and I) tyi)es of C7. 
hotulinum have been reported from ditferent parts of the world 
(America, Australia, Tasmania, and South Africa), the diseases 
produced usually heiiij^: associated with the consumption of carrion or 
decomposed material. Although the fact that the C and D types 
do cause intoxications in the domestic animals is well established, the 
relationship of the toxins of the C ty}»e to another and their relation- 
ship to the D ty])e is not in the same jmsition. Beng'tson (l92tJ, 1923) 
reported that toxic filtrates of the (- ty]»e organism isolated from fly 
larvae were not neutralized by A or B tyi)e antitoxin and that C anti- 
toxin did not neutralize A or B toxins. Seddon (1922), discussing 
his parabotulinus bacillus, noted that there was no cross protection 
between it and the A or B types. Bfenniger (1924) stated that 0*2 c.c. 
to 0*5 c.(*.. of V antitoxin neutralized two fatal doses (for guinea-pig) 
of 0 toxin, but that this amount of toxin was not neutralized by 
A, B, or Seddon antitoxins. Further, Seddon toxin was neutralized 
by his C antitoxin, but not by A or B. 

Doyle (1923) noted that the toxin associated with limberneck in 
chickens, investigated by him, was not neutralized by A or B type 
antitoxins. Graham and Boughton (1924) were able, with antitoxins 
produ(*,ed with type C toxin, to neutralize Seddon toxin, and, further, 
antitoxin made with the toxin })i*oduced by limberneck (type C) 
germs neutralized homologous, heterologous, and fly larvae toxins. 
As already rexMU'ted (Robinson, 1930), one of us (E.M.R.) showed 
that the South African C type toxin (equine origin), a C type toxin 
(Graham, U.S.A,), and the Seddon toxin cross-neutralized; how- 
ever, D antitoxin did not neutralize any of these toxins. Further, 
in a personal communication, Graham stated that his C antitoxin 
neutralized CL pa/rahotulinum toxin (i.e. C type toxin of South 
African equine origin). Meyer and Gunnison (1929), examining 
cultures, received from this institute, stated that the 1) type toxin 
was not neutralized by A, B, or C antitoxins. Gunnison and Meyer 
(1932), working with a disease in ducks associated with CL hotulinum 
type C, showed that antitoxins prepared from the duck strain and 
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from strain 526 Ca neutralized the duck, 526 Ca, Seddon, and 550 Cb 
toxins, whereas Seddon (Cb) antitoxin neiitralj^ec^ , . hoi:ig^^ 
gous and the 550 Cb toxins. Bennetts (1903) showed that the toxin 
prepared from an impure culture of a type (/ strain was neutralized 
by the Australian parabotiiUnnm antitoxin and by C antitoxin. 
Theiler and Robinson (1928) stated that the J) type antitoxin (5 0 
c.c.) did not neutralize two lethal doses of the South African (J, the 
Seddon, American C, or the A type toxins-. 

From the foregoing it is clear that unanimity of opinion does not 
exist as regards the lelationship of the C toxins to one another. The 
possibility exists that a cause of this may be that the antitoxins used 
were of very low titre. This opinion is sui)i)orted by Ihe fact that 
large amounts of antitoxin (up to 5 0 c.c.) were required to neutralize 
only a few fatal doses of toxin. However, the literature would 
indicate that the H type (South African bovine, associated with 
lamsiekte) toxin is monospecific. 

In view of the lack of uniformity of results and as w'ork oti 
another grouj) of anaerobes, the CL welchii-CI. ovitojcicns group, 
show^ed that the toxins produced by individual members may share 
the same toxic fractions [Wilsdon (1931), Glenny et alia (1933), 
Montgomerie and Rowlands (1934), Hailing (1934), (HU (1933)], w(»rk 
w^as commenced on six C type, one I) type, and one A and one B type 
loxins. In the authors^ opinion, the results obtained show that in 
the C and I) groups there is, as in the CL ivclrhii group, a sharing 
of toxic antigenic fractions. 


METHODS. 

Origin of Cultvres . — The cultures 26C, Seddon, and H were all 
impure, the contaminants being proteolytic non-pathogenic anaerobes. 
That the only toxin-producing germs contained therein were of the 
botulinus type was sbowm by the fact that one certain lethal dose of 
toxin (for mouse) was not neutralized by 0*1 c.c. of the antitoxins 
of CL septiijuc, CL welch a, CL oedcmatieiis, CL histolyticmrif 
CL CL ovito^ricusy and the lamb dysentery bacillus 

or by a mixture of 0*025 c.c. of each of thi*m. A determine<l 
attempt to purify the I) strain failed. One of us (E.M.R.), some 
years ago, wtis able to reduce the number of. concomitant micro- 
organisms to two, and after further work eventually sealed off the 
culture as pure, How'ever, on subculturing this sealed-off culture 
two years later, the presence of at least twTi non-pathogenic anaerobes 
was noted. 

The other C and D strains, all received from Hr. K. P. Meyer, 
California, appeared, on microvscopical and cultural examination, to 
be i>ure cultures. 

The A and B strains gave no indication of impurity. 

26 (7. — A South African equine strain isolated at these labora- 
tories from a decomposed rat. 

Seddon , — A strain received from Br. Seddon, Australia. 
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D . — A bovis ’’ strain, isolated from a bovine dead from 1am- 

siekte, Armoedsvlakie. 

A mid B , — lleceived from the Lister Institute, London. 

Strain 16r), Type U: from K. F. Meyer . Labelled “South 
African Bovine 

Strain 17(S, Tyj)e C: from K. F. Meyer. Labelled “South 
African 550 

Strain 191, Ty[)e C: from K. F. Meyer. Labelled “ Ben^tson 
520 

Strain 192, Type C: from K. F. Meyer. Labelled “ Seddon 
strain froju Australia “. 

Strain 205, Type C: horn K. F. Meyer Labelled “ Beno-tson 

1187 

Strain 1()5 1) ])roved non-toxic, as did a further culture of the 
same or^auivSm received from Dr. Meyer. 

Preparation o/ To,nnii. — U.obert^on^s meat brt)th (liorse muscle 
extract, I per cent. ])eptone, 0*5 per cent. NaFl; the flask or tube 
containing!' boiled meat to about one-third the volume), plus 5 ))er 
(‘cnt. sterile liorse serum was itsed in all casch to jiroduce the toxin. 
The medium (])U 7*0) Mas boiled for tMo hours, (tooled ([uickly, the 
serum added, inoculated with a 48-hour8’ culture of the germ, and 
iiKUibated for seven days at 87® C. The culture was then rendered 
sterile by passing it tlirough, first, a paper pulp and then a Berke- 
feld filter candle. 

To render the toxin stable the toxic filtrate saturated with 
ammonium sulphate (about 55-GO grams per 100 c-c.) and the resul- 
tant precipitate jiressed, dried in vacuo and jmvvdered. Such poM'der, 
dissolved in saline, maintained its original (dry) value throughout 
the ex])€'riment. 

Production of AntiUnvin , — Goals proved suitable for this jmrjiose, 
being cheaji in price and large enough to give a sufficiency of serum 
for Die number of tests carried out. PV)rmol-toxoid was em])loyed 
in the initial immunization, being ])repared by adding 0 -3 per <‘(^nt. 
commercial formalin (40 jier cent, formaldehyde) to the puljied (not 
candled) toxin at pll 7*4, and incubating this at 87® 0. until 0*1 c.c. 
did not kill a mouse on subcutaneous inoculation. The time ne(‘essary 
for this to occur varied betAveen 1 and 5 weeks. It was found that it 
was essential to reach this degree of non-toxicity before commencing 
immunization; on tw’o occasions, the use of a C (South Afrir‘an) 
etiuine toxin, the toxicity of which w^as such that 0*1 c.c. killed 
a mouse in three days (0 05 c.c. being non-lethal), killed tAvo goats 
Avhen a dose of 2 0 c.c. Avas reached. When a dose of toxoid betw’een 
20 c.c. and 80 c.c. had been reached, one could with impunity double 
the dose weekly or (diange over to unmodified toxin. The final 6-8 
inoculations w^ere of toxin, each dose being betAveeu 100 c.c. and 
200 c.c. in amount. Unless the condition of the goat did not warrant 
it, the injections were made twice Aveekly, the previous dose being 
increased 50 per cent, and Inter 75 per cent, or 100 per cent. 
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The course of immunization lasted between two and three months. 
Trial weekly titrations of bleedings were made, commencing at about 
the second month; when no rise in antitoxin over the previous one 
was detected, the animal was exsanguinated, the serum collected from 
the clot and preserved with 0*5 per cent, phenol. One antitoxin, D(r), 
was prepared, some years ago, by one of us (E.M.R.) in a horse by 
the use of the D strain toxin. 

TitTHitimis of Toxin anH Antitoxin. — Mice of about 15-18 grams 
were employed as test animals, the route of injection being the sub- 
cutaneous. Whilst it is realized that the guinea-pig has been the 
test animal of choice for the titration of botulinus toxin and antitoxin, 
the mouse proved to be quite as accurate an indicator, and further 
was cheaper, more easily housed in large numbers, and obtainable in 
uniform body weight. 

Dry toxin was dissolved in saline in the proportion of 100 mgm. 
to 5.0 C.C.. and from this solution dilutions again made in saline. 
The approximate minimal fatal dose was then worked out, and whilst 
no attempt was made to ascertain this very accurately, sufficient mice 
were injected around the probable L.D.n,, (Trevan) point to be reason- 
ably certain that a certain fatal dose could be predicted. The end 
point was sufficiently sharp, with all toxins at about the M.L.D. level 
to allow a 30 per cent, drop in toxin amount to result in a “ live ’’ 
or paralysed instead of a death 

For antitoxin titrations, a test dose of toxin was chosen after a 
few preliminary trials. Beyond ensuring that this dose contained at 
least 10 sure fatal doses no attempt was made to have the same 
number of lethal doses in the test dose of each toxin. This dose, 
mixed with varying amounts of antitoxin, was left for one hour at 
room temperature (20^-26® C.) and injected into mice. Where pre- 
liminary titrations showed that ^ serum was poor or deficient in 
antitoxin, one certain fatal dose of toxin was mixed with from 01 
c.c. to 0 5 c.c. of antitoxin and injected. 

In all cases, observation was carried on for seven days, results 
being recorded as lived paralysed or ‘‘ dead 

EXPERIMENTAL. 

In the first series of titrations, the neturalizing power of the 
antitoxins of 26 C, Seddon, and D [including D(r)] was tested against 
toxins made from these strains. An example of such a test is given 
in Table h 

Table 1. 


Toxin: 260. MLD: 0 0003 c.c. T.D. : O OX c.c. 

Antitoxin : Seddon. 

Dose (c.c.) D. P. L. 

00007 4 0 0 

0 0008 3 1 0 

0 001 0 1 4 

0*0012 0 0 3 


(M.L.D. === minimum lethal dose. T.D. test dose. D«died. 
L- lived. paralysed, i.e, showed paralysis during the seven days’ 
observation but survived seven days. In this titration 0*001 c.c. of 
antitoxin is taken as a neutralizing dose.) 
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Similar titrationvS were carried out with all the toxins and anti- 
toxins, at least three and usually six to eight mice being injected at 
those levels just around the neutral point. Table 2 summarises the 
titrations of the toxins of 26 C, Seddon, and D against the antitoxins 
of these strains. The central unenclosed figure is the neutralizing 
dose of antitoxin. 


Table 2. 


Toxin. 

MLD. 

T.B. 

Antitoxins. 

26 C. 1 S. 

1 

B. 

m- 




(3-3i) 

(1) 

(50) 

1 (200-240) 




0 003- 



01- 

26 C 

0-0064 

O-OI 

0-0035 

0-001 

0-05 

0-12 




[1] 

11] 

[1] 

[1] 


1 i 


(4) 

(1) 

(66) 

(64) 


1 i 


0-005- 




s 

0(X)01 ' 

0-01 

0-006 

0-0015 

01 

008 


1 

1 

1 

1 

114-21 

[141 

[2] 

[4] 




(If) 

(1) 

(1/600) 

(1/440) 




0 02- 

0-03- 



B 

0-000002 

: 0-01 

I 

0-025 

1 

0-035 

0 02 

0 026 



1 

[600] 

[1200] 1 

[2/5] 

[1/8] 

. . - 




L 



. ; 




T.B. of B toxin v 2t)C and S antitoxins — 0*0000J and 0- 000025 v.c. respectively. 
T.D. of 26 C toxin v B(r) antitoxin =2 0-005 c.c. 

T.B. of S toxin v D(r) antitoxin ”0 001 o.c. 

All unenclosed figures = c.cs. 

Figures in | J ratio of one toxin to another. 

Figures in ( ) ratio of one antitoxin t>o another. 

Central unenclosed figure ~ neutralizing dose of antitoxin. 


The conclusions to be drawn from Table 2 are (1) the toxins 26 C 
and Seddoii are antigenically the same and (2) that D toxin contains 
some C antigen and the C and Seddon toxins some D antigen, but 
that the amount of heterologous antigen contained in each toxin 
varies greatly, as does the amount of heterologous antitoxin con- 
tained in each serum. 


In table 3 the results of titrating fresh brews (precipated with 
ammonium sulphate and dried as before) of 26 C and Seddon toxins 
against antitoxins of 192 C, 178 C, 191 C, and 205 C are sum- 
marized. The data given therein confirms the results shown in Table 
2, viz., that the toxins, 26 C, and Seddon, are antigenically the same. 
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Table 3. 


Toxins. 

MLD. 

T.D. 


Antitoxins. 


102 

178 

191 

1 206 

26C 

! 

O-OOl 

0-01 

(12) 

0 006 

El] 

(7) 

O' 0036 

(12) 

0-006 

[1] 

(1) 

0 0006 

III 




(8-10) 

1 (4-0) 

(8-10) 

(1) 


0- 00026 

O-Ol 

0 02- 

1 001- 

0*02- 

O' 0026 




0 025 

0 016 

0*026 





E^l 

14] 

[4| 

[6| 


Central unenclosed figure = neutralusinji; dose of antitoxin (c.c.). 

All unenclosed figures -v:. e,c. 

Figures in I J — ratio of one toxin to another. 

Figures in ( ) — ratio of one antitoxin to another. 

In Talile 4 is siiinmarizetl the tilratioii of the ioxins of 192 C, 
178 C, 191 0, and 205 C ag^ainst the six 0 antitoxins. 

Tablk 4. 







Antitoxins. 



Toxins. 

MLB. 

T.D. 








i 


20 C. 

Heddon. 

192 (\ 

1 178 C. 

} 191 C. 

205 0. 


I 

T.I). 

0*1 (3-4) 

0*1 (1) 

0*026 (27) 

0*026(13-10) 

0*1 (10-12) 



0-1 (IH5) 





0*0026- 

B 

0*01- 

0*02- 


102 C. 

0*0005 


0*01 

0*003 

0-017 

0*012 

0*03 

0'(H)4 





11/4-1/3] 

11/3] 

|l/3] 

IV4] 

11/3] 



T.I). -- 

O'l (3J) 

0-1 (1) 

0-01 (2.6) 

0-01 (10-12) 

0-01 (17) 

0-1 (H) 







0 01- 



178 C. 

0*0001 


0-035" 

0-01 

0-025 

0-012 . 

0-017 

0-015 

1 


1 

11] 

11] 

El] 

El] 

11^] 

EU] 



T.D. = 

0*01 (4) 

0-1 (1) 

0-002 (6) 

0*01 (i6) 

0-01 (i) 

0-01 (1) 

191 C. 1 



0*035- 


0-004- 


0-0004 


0*045 

0-01 

0-01 

0*1 

0-005 

0-0025 




IW41 

11] 

E2] 

16/0] 

11/30] 

11/6-1/4] 



T.D. - 

0-1 (3) 

01 (1) 

0*01 (20-25) 

0*01 (10-12) 

0*01 (10-12) 

0*01 (1-1.^) 

205 (?. 



0-03- 

0-01- 



O'Oooie 


0-036 

0-012 

0*026 

0*012 

0*012 

0*012 




[1] 

11] 

11] 

ii] 

[1] 

11] 


All unenclosed figures c.c. 

Top unenclosed figures opposite T.D. =s test doses used. 
Figures in | | =k ratio of one toxin to another. 

Figures in ( ) « ratio of one antitoxin to another. 

Central unenclosed figures = neutralizing dose of antitoxin. 
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From Tables 8 and 4 the followiii*^ informal ion may be gathered : 
tlie toxins 26 C, Seddon, 192 C, and 178 C are aniigenically indis- 
tinguishable. As, however, 192 C and 17(S C are merely purified 
cultures of 20 C and Seddoii respectively, one can say that, by the 
methods emjdoyed, no difference in the aiiligenic, constitution of 
their toxins cun be elucidated. Further, reference to Table 2 indi- 
cates that the amount of the 1) toxin fraction of their make-U]) does 
not differ much, if at all. These two toxins and the two Bengtson 
strains, 191 (', and 205 (), share two antigens, one of which may be 
termed the main ’’ and the other the subsidiary ” fraction. Tn 
the elimination of the 191 C toxin titration from Table 4, the sub- 
>idiary fraction would remain unrevealed, and the other three toxins 
would be considered identical. It is 4)bvious from the table that the 
expected ratios are not obtained with the use of 191 toxin; three 
and j) 0 ssibl 3 ^ four figures are “ out two of them be\on(l the limits 
of experimental error and {)f the method r>f testing*. If the toxin 
molecule be considered as containing three fractions C,, C 21 T)^ 

then the ajijuuent discre])ancy obtained with the use of lOl C toxin 
may be ex])laij»ed. The particular brew em])loyed contained an 
ex(^ess of the fiaction ajid, as follows, the antitoxin jmjdnced by it 
contained an excess of antitoxin. 

a\s there was the }»ossibility that 191 C toxin readily dissociated, 
ui r/ro, fj’oin a toxin-antitoxin mixture, a niimher of tests were put 
u]> to che(‘k the j)oint. On three different o(‘casions, inixlures were 
made, and their effecl on mice ascettained after they had stood for 
one hour at nuun tem])eiature and at 5° (\ for 24 luuirs. The results 
did not differ juaferially from tho^e recorded in Table 4. 

In table 5 are recoided the results of the til ration of four C 
ty])e toxins against tlje T) and l)(r) antitoxins. 


Taudk 5. 



_ _ ~ 



•rrr — rj. -- 


Antitoxins. 

1 

1 

i. . . __ 


Toxins. 




! T.I). 

1 192 0. 

i 178 C. ! 

! 191 c. 

; 205 C. 


j T.I). - 

; 0 01 

1 om)i 

0 0025 

1 0 005 

I) 

1 

1 

j 111 

1 o-os 

im 

i 0 02 

1 lil 

012 

! Ill 

01 


1 

1 (J) 

1 (J) 1 

1 (1) 

(1) 

i 

T.I). - 

0 006 

0 001 

i 00005 

0 001 

l)(r) 


111 

01 

If] 

0 15 


[1] 

01 



U) 

(1/7) 

(") 

(l/u) 


T.D* — Test dose of toxiu used, (r.c.) 

Central unenclosed figure -= neutralising <lose of antitoxin (c.o.). 

Figures in I J — ratio of one toxin to another. 

Figures in ( ) = ratio of one antitoxin to another. 

From the data given iii Table 5 it is apparent that the amo\ml 
of C antitoxin contained in the two 1) sera is not the same, in each 
instance D(r) being much the jioorer; it will be seen that 0 3 c.c. 
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of D(r) antitoxin was unable to neutralize one M.L.D, of 191 C toxin. 
The possibility exists that this discrepant result may be explained 
by the amounts of the Cj and Ca fractions contained in the toxins and 
antitoxins. As Table 4 shows, 191 C toxin contains an excess of the 
Ca fraction; the lack of the anti-Ca fraction in D(r) antitoxin would 
explain its inability to neutralize. 

Table 2 showed that cross-neutralization existed between the 
toxins and antitoxins of 26 C, Seddon, and D. Using a fresh brew’ 
of D toxin, a series of tests w’ere put up to ascertain the neutralizing 
power of all the C antitoxins against it. Table 6 summarizes the 
results. 


Table 6. 

(M.L.l). of new 11 toxin = 0 000002 c.c.) 
A ntit^xin s (c.c.). 




26 C. 

S. 

2«6 C. 

192 0. 

178 C. j 191 C. 

1 

0-5 0-5 

not neutralize 
one M.L.1). 

Toxin I) 
(0.0.) 

01 

neutralized 

0000007- 

OlKlOOl 

01 

neutralized 
0 00001- 
0 000015 

01 

neutralized 
0 00001- 
0-000015 

0*5 

Did 


The antitoxins 26 C, Seddon, and 205 C in doses of 01 c.c. 
were able to neutralize a few’ M.L.U. of 1) toxin, but the three other 
C sera, even in doses of 0*5 c.c. were incapable of neutralizing one 
fatal dose. The antitoxic fi action of 191 C serum was salted out l)y 
half saturation wdth ammonium sulphate; the preei})itate w’as 
dialysed against distilled water for three days and the inner fluid 
fanned down to one-qu;irter of the original volume. Although the 
iinti-C (191) value of this comtentrate was three 'times that of the 
original, 0*5 c.c. was incapable of iieutializing one M.L.l), of I) 
toxin. The possibility existed that the goats used to jiroduce 192, 
178, and 191 antitoxins did not receive enough of the 1) fraction 
(l)resumed to be iiresent in small quantity in the C toxic filtrates) 
to give rise to the production of D antitoxin in demonstrable amount. 
Further, the C fraction of the toxin so prejmuderated over the 1) 
t^hat unless the animal body had exhausted its i)ower of producing 
antitoxin, there would be little chance of 1) antitoxin being 
produced in appreciable quantity. Immunization was therefore 
undertaken in three new goats, and carried on for three months, 
nnishing up the process by injecting 100-200 c.c. toxin ten times 
within three weeks. The 192 goat w^as then bled out, but the other 

and then '' shocked '' by injections 
ot iuU-2U0 c.c. of toxin given every second day for ten days. By 
tms method antisera were obtained containing demonstrable amounts 
ot D antitoxin in the case of 191 and 178 antitoxins. Table 7 gives 
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Table 7. 

(M.L.U. of D toxin -0 000()0L> c.c.) 





191 C. 

178 C. 

j 192 0. 

1 

1 

Toxin D 

1 

0-5 C.C. 
neutralized 
0-000004 C.C.- 
0-000005 C.C. 

01 c.c. 
neutralized 

0 000016 c.c. 

0*5 c.c. 

did not neutralize 
one M.L.D. 


As a control to the large close of serum (0*5 c.c.) used, as shc^wii 
in Table 7, experiments were carried out using 0*5 c.c. of normal 
goat serum and 0*5 c.c. of antitoxin prepared in goats against 
(H, welchii^ Type B, C/. chmtvoei^ Cl. ovitoxicvs^ and Cl. 
septiquc. In no instance did this amount neutralize one sure lethal 
dose of D toxin. The results given in Table 7 show that the toxins 
of 191 C and 178 contain a small amount of 1) toxin; the failure 
of 192 antitoxin may mean cnther that its toxin contains none of the 
I) type toxin or tluit immunization was not carried far enough to 
allow of the production of demoiLstrable amounts of antitoxin. 

The A and B type toxins ai)peared to be monosj)ecific. A test 
dose (about 20 M.L.TJ.) of A toxin was neutralized by 0 015 c.c. of 
its own antitoxin, whereas 0*2 c.(‘. of B, C (20 C, S, 191 C, 192 C, 
178 C, and 205 C), and D antitoxins failed to neutralize one fatal 
dose. Further, from 0*1 c.c. to 0*2 c.c. of A antitoxin did not 
neutralize one lethal dose of the toxins of the B, I), and the various 
C toxins. In the same way, B toxin was neutralized by its own 
antitoxin, one te^t dose, alnnit 100 letlml doses, being rendered non- 
toxic by 0*01 c.c. of antitoxin; however, its toxin (one M.L.D.) was 
unaffected by the other antitoxins and its antitoxin had no neutra- 
lizing power on the other toxins. 

DISCUSSION. 

Tile results just recorded wshow that the toxins of the C and I) 
hotulinus group contain more than one toxic component. That there 
are three antigens concerned is fairly ob%uous — the 2 C fraidions, C, 
and Cj, and the I). However, no proof has been presented that these 
are the only antigens present, this investigation merely showing that, 
by ordinary methods and reasonably careful technique, some of the 
fractions making up the toxic molecule may be demonstrated. It is 
realized that a great deal more work would have to be done in order 
to arrive at anything approaching finality on the question. To explain 
an apparent discrepancy, the hypothesis has been formulated that 
the 0 toxin is composed of a Ci and a Ca fraction . Assuming this to 
be correct, there is the definite possibility, arguing from the analogy 
of the Cl. welchii-ovitoxicus group, that the proportion of the Ci 
and Cj fractions produced in culture would vary, depending upon the 
age of the culture. As an example it may be stated that Cl. welchiiy 
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Type B, produces, in the early stages (12-24 hours) of growth only 
the Cl. paludis type of toxin, whereas if growth is allowed to 
continue, this diminishes greatly, to he replaced in large measure 
by the Cl. ovitoivicvs type of toxin. 

Further, as has been shown in the Cl. welchii group, the animal 
to be immiinized also enters into the question; depending upon its 
natural immunity and no doubt also on facdors unknown, the 
antitoxin ])roduced will differ qualitatively as well as quantitatively. 
Thus, it is obvious, arguing from such a siaiidpoint, that this investi- 
gation serves merely as a pointer t<i further work. 

A second and obvious explanation for the sharing of antigens is 
that the cultures were mixtures of more than one (/ and the D ty]»es. 
This is a ])OS8ible but extremely improbable explanation. Against it 
are the following facts: (1) the cultures originated in Australia, 
South Africa, and America; it is unreasonable to suggest that in each 
case the C (two varieties) and the J) types were picked uj); (2) there 
is some regularity in the anti-C content of 1) sera and the anti-l) 
content of C sera (Tables 2, 5, 0, and 7). It will be seen that 
0*02 c.c. to ()•] c.c. of ]) antitoxin neutralizes 0 to 20 fatal doses of 
C toxin, whereas from 0*1 c.c. to 0*5 c.(*. of the (- antitoxins was 
necessary to neutralize two to seven lethal doses of 1) toxin. In toxics 
filtrates made from a mixture, one would expect greater variation of 
the C and D fractions, as judged by the anti-C and aiiti-1) content of 
the sera. As, in the production of the antitoxins, several (2 to o) 
different brews of toxin were used to produce eatdi antitoxin and as 
the anti-C content of the D sera and the anti-1) content of the C sera 
was always very low, it would aj)])ear unlikely that a mixed culture 
is the explanation of the sharing of antigens. Again with, regard to 
the C toxins — if the irregularity obtained with 191 0 toxin and anti- 
toxin is to be explained by assunring contamination, then all the C 
cultures contained this cuntaminaiit. As before stated, such an occur- 
rence is extremely unlikely. 


Conclusions. 

Toxic broth filtrates of one A, one B, six C, and one 1) types 
Cl. hotnlininri, and the ahtitoxins produced by injecting these filtrates 
into goats have been tested, from the stand|K>int of working out the 
antigenic make up ’’ of the toxins. The results obtained indi- 
cate : — 

(1) The A and the B types are monospecific. 

(2) The C types contain three comjjonents (a) C,, (1}) Cj, and 
D. The 13 fraction is contained in only very sliglit amount. 

(3) The D type contains chiefly the D, but also a small quan- 
tity of the C fraction. 


REFERENCES. 


BENG180N, I. A. (1922). Preliminary Note on a Toxin-producing Anaerobe 
isolated from the larvae of Lucilia Caesar. PuU. Health Bepart, Vol. 37, 
Part I, p. 164. 


BENGT80N, 

Larvae. 


I. A. (19 
Publ. Hi 


h ^ Toxin-producing Anaerobe iscdated from Fly 
Ith Eeport, Vol. 38, Part 1, p. 340. 

74 



H. MASON ANl) E. M. ROBINSON. 


BENNETTS, H. W. (1933). Botulism in Sheep in Western Australia and its 
Association with Sarcophagia. Jnl. of Vownc. Sci, ami Indvrst, Ttea,. 
Vol. 6, No. 3, p. 137. 

DALLJNG, T. (1934). A Note following Montgomerie’s and Howlands’ Article. 
Vet. Vol. 90, No. 8, p. 337. 

DOYLE, L. P. (1923). Limberneck in Chickens. J. Am.er. Vet. Med. Ass., 
Vol. 16, p. 754. 

GILL, D. A. (1933). Pulp.v Kidne.v Disease of Lambs (an Acute Entero- 
toxaemia of Bacterial Origin). Itesearch ileport, New Zealand of 

Agric.y W ellingfon. 

GLENN Y, A. T.; BAHU, M.; JONES, M.LL.; DALLING, T.; and BOSS, 
W. E. (1933). Multiple Toxins Produced by Some Organisms ot the i'l. 
welchii group. J. Path, and Bad , V'ol. 37. p. 35. 

GHAHAM, H., and BOIK^HTON, J. 1). (1924). id. hotuliuuni t,\pe C asso- 
ciated with a Liinberneck-like Disease in Chickens and Duck^. J. Arne), 
Vet. Med. A.s\s. X.S., Vol. 17, p. 723. 

(iCNNlSON, J. B., and (’OLKMAN, G. K. (J932). (d. hoi id mum typo C 
a.ssriciated with Westeiti Duck Disease. J. Inf. Vol. 57. No. 3, p. 

542. 

MEYER, K. F., and GUNNISON, J. B. (1929). South African Strains of (7. 
hotuhnum and pa lafud uhniim^ NXXV^ll. AVith a description of (7. 
hot id in urn type 1) n. sp. J. Inf. l>ts.y Wd. 45, p. lOb. 

MONTGOMERIE, R. F., and ROWLANDS, W. T. (WA4). Lamb Dysentery 
in North Wales. I'cf. Jn/., Vol. 90, No. 8, p. 323. 

l^FENNKiER,. W. (1921). Toxico-immunologic and Serologic Relationship of 
Ji. botidinus, type C and Pataladultnu^ “ Seddon ”, XXTI. J. Inf. Jhs.. 
Vol. 35, p. 347. 

ROBINSON, E. M. (1930). I’lie bacteria of the (7. hofidinum C and D types. 
l(i//< Itpl. Dir. Vet. Setr. Viuon. of S'. A. 

SEDDON, H. R. (1922). The Specific Identity of Badlhin pandmfidinuji. J. 
* iUnnp. Path, and Theiap.. Vol. 35, p. 275. 

WILSDON, A. J. (1931). Observations on the Classification of Bacillus ivelehii. 
Sec. Pepf. Dived. Instit. Anitn. Path. Unir. Cambridge^ p. 53. 


75 




Section V. 

Plant Studies 

AND 

Poisonous Plants. 

Himington, C., AN]) upon tbe isolation ot the loxie prin- 

Si’EYN, 1). G. ciple from a species of Dinwrpho theca, 

])robal)ly Dirtwrpli oth eca fni ticosa . 

Rimington, C ('heini(‘al investigations of the “ Gifhlaur ” 

1 he ha pet alum cymosum (Hook) Kn^*l. I. 

Lkkmann, a. C Hytlroeyanic Acid in Grasses. 


77 




OnderstepooTt Jottrnal of Veterinary Science and Animal 
Industry, Volume 5, Number 1, July, 1935. 


Note upon the Isolation of the Toxic Principle 
from a Species of Dimorphotheca, probably 
Dimorphotheca fruticosa. 


By 

Cl.AITDE BIMLNGTON, M.A., Pbl)., B.Sr., A.LC., Uesearch 
Felknv under the Em]»ire Marketing* Board, and 

DOFW G. STETJV, B.Se., Dr.Med.Vet., D.V.Sc., Veterinary 
Hesearch Offieet*, t)nderstepoort. 


/iryisfered Number: Understepoort Spec. No. 90G() ; 25.7.34. 
Origin: Heroiicliit. korl Elizabeth. 


A PLANT reported to have caused poisoning ol stock in the Port 
Elizabeth district, was recently submitted to this Laboratory for 
examination. The material was in the flowering state. Si)ecimens 
were sent to the Division of Plant Industry for botanical identifica- 
tion, but, unfortunately, no see<ls were available. The Principal 
Botanist identified the plant as a species of Dimorphotheca, probaldy 
Jh morphoth era frutico,ui. 

This sj)ecies lias not jiieviously been chemically examined, 
although the cyanogenetic gliicoside linamarin has been isolated fiom 
Dimorphotheca spcctahihs and Dimorphotheca zeylicri (Rimington, 
1932), from Dimorphotheca cuneafa (Marais and Rimington, 1934), 
and from Dimorphotheca^ eclxloius (Rosenthaler, 1922). 

Tests vshowed the plant to be cyanogenetic and therefore hydrogen 
(yaiiide determinations were carried out and linamarin looked for, 
with the result that the toxic glu(*o8ide was isolated in a yield corre- 
sponding to 84 per cent, of that theoretically possible. 


Dktkumination OP Hydrogen Cyanide. 

The technique employed was that previously described (Biming- 
ton, 1932), six hours’ maceration being found sufficient for complete 
liberation of hydrogen cyanide in the case of ground, dried material 
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and about 18 hours for the fresh cut-up plant. The results obtained 
were as follows : — 


1 

Pteali plant. 

Moisture 

Mgm. HCN per 

Gm. HCN per 

content. 

100 gm. 

100 gm. dry wt. 

Leairai (wSied) 

83-27 

243 0 ^ 

1-45 

Stems 

73 24 

82-8 

0-31 


Dried, powdered material contained 278 mgm. HCN. per 100 gm. 
There was thus considerable loss on drying. 


Isolation of the Cyanooenetic (ilitcoside. 


The method employed was direct extra(*tion in a Soxhlet 
apparatus wuth ethyl acetate. The extract was evaj)orated to dryness, 
taken up in water, filtered, again evaporated in presence of calcium 
carbonate and a little decolorising charcoal and the dry residue 
boiled up repeatedly with dry ethyl acetate. The gluscoside separated 
in pure form on cooling this extract. In all, there was obtained 
4-2071 gm. from 200 gm. of starting material, a yield equivalent to 
84-2 per cent, of that theoretically possible. 

It had all the properties of linaiuarin and a specimen did not 
depress the melting point of authentic linainarin isohited from 
Dimo rph ot hecci spec tab ills . 

The following constants were recorded: — 


M.P. 14l^ 



0 67 X 15 X 100 


2 X 19-91 
- 25 23° 


StrMMARY. 

The cyanogenetic glucoside Linamarin has been isolated from a 
species of Dmwrphot heca, prohMy IXviorphoflieca fmticosa. The 
leaves of the plant contain approximately 1*5 gm. of HCN. per 
100 gms. 
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Chemical Investigations of the "Gifblaar’’ 
Dichapetalum Cymosum (Hook) Engl. 1. 

By CLAUDE RIMINGTON, M.A., Ph.D., B.Sc., A.I.C., Research 
Fellow under the Empire Marketing? Board. 


The Plant as a Stock Poison. 

The plant Dirhapeialuvi cymosum {Chaillefia, cymosa) or Gif- 
blaar is one ot the most well-known poisonous plants of the Trans- 
vaal. Belonging to the family Dichapetalareae, a small tropical 
family of treets or woody sltruhs, it is the sole representative which 
has developed a subterranean habit. It is an underground shrub 
possessing branches, many of which attain great length and from 
which small shoots ascend to the surface, there giving rise to the 
familiar tufts of green lanceolate-ovate leaves and inconspicuous 
flowers. 

A good des(Tiptiou of the plant is to be found in the ]>uhli(*ations 
of Phillips (1927) and of Mogg (1930). Leeman (personal communi- 
(!ation) has recently distinguished several varieties. The Gifblaar 
has a very limited distribution in South Africa, being practically 
(ionfined to the Transvaal and not occurring south of the delimitation 
Mafeking, Liclitenhurg, Pieloria, Middelhurg, nor east of Middel- 
Imrg-Pietersburg, being thus confined to the lower altitudes. The 
problems of its distribution have been discussed by Burtt-Davy (1922). 

As a stock iK)ison, the Gifblaar a]>pears to have been known to the 
early settlers, and a fairly extensive literature exists, referring to 
its toxic properties. A certain seasonal variation in the incidence 
of poisoning, prompted the studies, extending over two years, under- 
taken by Sir Arnold Theiler and his collaborators at this Laboratory, 
a report of which is to be found in the article by Steyn (1928). It 
was shown that X)eriods of maximum toxicity fall approximately in 
the seasons »September-October, and March-April, respectively, but 
depending to some extent upon climatic conditions, times during 
which the plant is producing hew youn^ leaves. The bearing of soil 
temperatures upon this cycle has been investigated by Mo^g (1930). 
From a stock-owner’s point of view, this variation in toxicity is of 
importance since it is just at these two seasons that fresh, green 
grazing is apt to be scarce. 

It has also been observed that the onset of toxic symptoms appears 
to be accelerated when the animal partakes of water immediately afier 
feeding on Gifblaar. The ready solubility of the toxic principle in 
water has been adduced in explanation of this phenomenon. 
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Previous C'iikmioal and Toxicologk^al Investigations. 

Comparatively little work has been ymblished upon the cliemistry 
of the Gifblaar and nothing is known (concerning Ihe nature of 
the toxic principle. A1 one time, the plant was thought to contain 
a cyanogenetic ghicoside, following upon the report by the Imperial 
Institute that prussic acid had been detected in the leaves, but this 
was not substantiated by further invesiigation. 

Green, as staled by Steyn (1928;, found the toxic priiudple to 
be thermostable, water-soluble and insoluble in chloroform or ether; 
furthermore, it was not precipitated by basic lead a(‘etate nor by the 
usual alkaloidal reagents. Green finally obtained a j)ale yellow syrup 
which was still contaminated by sugars but toxic to rabbits in doses 
of 0-1 gm. ])er kilo when given subcutaneously. 

Powder and Tutin (190G) have recorded a chemical study of the 
fruits of the closely allied plant Cknillelia tojricaria from Sierra 
Leone. They (‘ame (o the conclusion that the fruit contained at least 
two active princi])les, the one causing depression or narcosis, the 
other, excitation leading to epileptiform convulsions. Some evidence 
was adduced suggesting a cumulative effect by the latter. The 
main yiart of the toxic material w^as soluble in water, only. 

More recently, Sleyn (1934) has demonstrated that an acid 
environment (dilute acetic acid at room temperature) has no effect 
upon extra(3ts containing the active principle of Gifblaar. 

Mode of Action of the Poison. 

With regard to the mode of action of the toxic constituent, little 
is known with certainty. A characteristic jiost-mortem appearance in 
animals poisoned by the plant is 'the flabby dilated stale of the 
ventricular w'alls of the heart. Power and Tutin, in CJioilletta 
toxicaria poisoning, report post-mortem (‘erebral congestion and 
thrombosis of the superior longitudinal sinus. 

An interesting case of human poisoning (not fatal) by (liaillefia 
toxicaria is reported by Kenner (1904). A native of Sierra Leone had 
eaten some fish dusted wdth the powdered fruits of the plant as a 
rat poison and within half an hour became ill. The\syinptoms wwe 
vomiting, diarrhoea, muscular twitching, w^eakness and loss of power 
to use the limbs. The tendon reflexes became abolished and some 
hyperaesthesia developed. Vision was slightly im})aired. The man 
made a slow recovery during the course of tw'o weeks but, w^hen 
discharged, he still had difiicmty in walking. 

Gifblaar is a very serious menace to stock in those parts of the 
Transvaal in which it grows. Its eradication imesents great difficulty 
on account of the underground stems, many of w^hich may exceell 
40 feet in length and be found at depths of G feet or more, No 
reliable ren^dy for poisoning by the plant is known. 

r 

Scope of the Present Experiments. 

The object of this communication is to report certain results 
obtained in a systematic study of the plant and to describe attempts 
w'hich have been made to isolate the toxic principle by new methods 
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which have not previously been employed in this ease. A good deal 
of indirect information has been obtained concerning the nature of 
the toxic principle. 

The plant material used in these experiments was all collected in 
the Pretoria District at various times. The M.L.D. for rabbits was 
usually ± 2*5 gm. dry material per kilo body weight. 

(a) E,rfraction Ejtpcri m pu ts . 

A variety of organic solvents was employed in the hoi)e that 
one coubl be found capable of removing the toxic principle. All 
extractions were made in the Soxhlet a])paratus and both extract and 
])lani residue subsequejitly tested for toxicity, anhydrous solvent 
was found capable ol removing the toxin. The following were tried 
with negative lesnlts: chloroform, ether. j)etr()leiim ether, carbon 
letra-chloride, nitrobenzene, aniline, formamide, anhydrous acetone, 
absolute alcohol. The toxin was dissolved out readily by (old water. 

(h) Precipitation E,rpcri nienl a. 

None of tlie allcaloidal leagents i)recij)ilalcd the toxic material, 
neither was it removed b> l)asi(‘ lead a(‘etate alone or followed by 
ammonia, by pliosphotungslic acid, mercuric chloride or acetate, 
flavianic. acid or by any olhcr substanc e tested. 1’his w’ould point to 
a ncuitral or amphoteric molecule possessing neither acadic* nor basic* 
characters. 

(c) Sysfcnifti ic E.rnminaUon of an Aqueous E.rfract, 

An attempt was made to remove as much inert inaterial as 
possible from an acpieous extrac*! of the ])lant, ho])ing to obtain, 
finally, a toxic material of sufficient j)urity to carry out further 
specialised tests. The plant c'onstitiienls removed at each stage 
were subjected lo a preliminary examination and yielded certain 
interesting results. There w^ere thus isolated: a tannin, a glycosidal 
pigment (methylpentoside), iwo bases, one of which proved to be 
the alkaloid trigonelline, a histidine-like material, and a c-omplex 
])olysaccharide of the uronic acid type. I’he detailed procedure is 
described below’, oOO gm. of dried, ground (lifblaar leaves 
(M.L.D. ± 2'0 gm. per kilo) w^as thoroughly extracted in a ])er(*olator 
by water at G04)5^. To tlie combined extracts measuring seven litres 
in volume, sufficient basic lead acetate was added to produce com- 
plete precipitation. The orange-yellow' precipitate was removed, 
w'asliecl with water and then ground with dilute acetic acid, thereby 
affording an orange coloured solution of an acetic a(*id soluble portion 
and a gieyish insoluble residue. The soluble fraction was reprecipi- 
tated by addition of ammonia and both precipitates w'ere decomposed 
by hydrogen sulphide. 

Tannin Fraction. 

The neutral lead precipitate yielded a tannin which w'^as thrown 
out of solution by addition of sodium (‘hloride. AVhen,^|tollected on 
the centrifuge, washed and dried, it formed a dark browrf amorphous 
powder. »• 

Microanalysis : Ash 0 35 per cent. 

. . C H 

4900 5*42 
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In order to gain further insight into the nature of this substance, 
a portion was refluxed for one hour with 25 t*.c. of a 2 per cent, 
solution of hydrochloric acid. The solution acquired an intense deep 
crimson colour and a considerable quantity of a red amorphous 
substance, tannin red or phlobaphene, Bej>arated. After cooling, 
the filtered hydrolysate was extracted with ether, the solvent 
dehydrated and allowed io evaporate. There remained a small 
quantity of a crystalline substance which was identified as catechol. 

Crystalline material from hydrolysed tannin. 

With FeCla green colour turning to mauve on adding sodium 
acetate. 

Ammoniacal Ag^fOg reduced in the cold. 

M.P. after recrystallisation from benzene 103^. 

The acid liquid from which the calechol had been removed was 
neutralised by sodium hydroxide, extraneous material removed by 
lead acetate and lead by hydrogen sulphide. After concentration it 
was tested and found to reduce Fehlings solution on boiling. 


The tannin belongs therefore to the class of catechol tannins. 


(tlycostdal Pigment Fraction. 

The solution remaining after removing lead from the basic lead 
precipitate had a deep orange-yellow colour. It was reprecipitated 
by basic lead acetate and the precipitate decomposed by grinding 
with dilute sulphuric, acid. A slight excess of acid was remove(l 
from the filtrate by barium carbonate and the filtered, deep yellow 
solution concentrated on the water bath to the consistency 
of a syrup. Alcohol was then added to prodii(.*e com])lete ju’eeipita- 
tion and the material centrifuged olf and washed with ether. 

It formed a bright yellow amorphous powdei*, moderately soluble 
in water and cor respon clings in quantity to about 1*7 per cent, of tlm 
weight of dry plant taken. It was non-toxic. With ferric chloride 
solution it gave a greenish coloration. On acidification of a solution 
the yellow colour became very much less intense. 

It did not reduce Fehlings^ solution. 

That the substance was a glycosidal pigment was demonstrated 
by acid hydrolysis. 

0*05 gni. was refluxed for one hour with 25 c.(i. of 2 per cent. HCl. 
and the resulting solution extracted with ether, which removed a 
material giving a green colour with FeClg solution. The acid liquid 
was neutralised, cleared with lead acetate and found to give an 
intense Molisch reaction and to reduce hot Fehlings’ solution. The 
osazone was prepared by addition of 0*1 gm. phenylhydraziue hydro- 
chloride, 0*2 gm. of sodium acetate ahd h^atMg in \,h^‘ usual way. 
It was recrystallised from alcohol and had M.P. 180^. 
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Mixed with Rhainnoseosazone of M.P. 181® the mixture melted 
at 180®. 

Microanalysis : X. 

Found lG-.^7. 

Rhamnosephenylasazoiie Ci8H220sN4 requires IG • 27. 

The substance is therefore a gly(*oside of the methylpeiitose 
rhamnose. The aglycoiie was not further investigated. 

Main Filtkatk from tick Basic Lkaj> Ac etatf pRKciriTATioN. 

This was (joncent rated, under reduced pressure, to bOO c.c. Of 
Ihe pale yellow liquid, 10 v.c. killed a 2*3 kilo rabbit in three hours 
with symptoms of typical Gifblaar poisoning. A carbohydrate 
material was removed by the addition of 20 i)er cent, sodium 
hydroxide solution until further precipitation ceased. This occurred 
when the mixture was about normal in sodium hydroxide. The buff- 
coloured, somewhat gelatinous precipitate was centiifuged off and 
washed, then dissolved in warm, dilute sulphuric acid, using such a 
(juantily thal the final reaction was approximately neutral. A small 
quantity of insoluble material was filtered off and on the pale, yellow- 
brown solution certain (jualitative tests ])erfonned as follows: — 

I csU vpon /^ol iff^drchantle M ateriaf . 

M(discli test -f intense. 

Biuret test 

Millon’s test 

Ferric chloride faint green colour. 

Fehling's solution not reduced : reduced after acid 

liydrolysis. 

Ammoniacal silver nitrate reduced on warming. 

Orcinol test ± 

Na])hthoresorcin test 4- 

Lime water small white precipitate. 

After hydndysis by dilute sulphuric acid, a considerable 
quantity of caUdum sulphate separated and the hydrolysate gave 
positive reactions for sugais. The polysaccharide material wlnddi 
was not soluhle in absolute alcohol was not further investigated as 
tests proved it to be uori-toxic. It is probably a complex of the uronic 
acid type. 

To the alkaline main filtrate from the carbohydrate pre(*ipitate, 
sufficient acid was added lo bring to neutrality. Since tests for free 
reducing sugars were strongly positive and these materials, as 
recorded by Green (see Rteyn, 1928), alwavs accompanied the toxic* 
principle in every attempt he made to isolate it, it w^as decided to 
remove them completely at this stage of the general investigation. 

The exact quantity of reducing sugar, calculated as glucose, w’as 
determined, upop .fui . ^iquot of the main solution using Benedict’s 
quantitative solution and his method of determination. 
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Thus, in one instance, 25 c.c. of reagent (=:0’05 gni. Glucose) 
required 33*5 c.c. of 1 in 10 dilution of the main solution to effect 
complete reduction. Since the total volume was at this stage 750 c.c. 
there was therefore present 11*19 gm. of glucose in all. 

For precipilation, basic lead acetate solution (accurately titrated 
by means of ammonium molybdate) and sodium hydroxide were 
added in the proiwrtions — 

2 CcH.aOa PhAco, Pb(OH), : 10 NaOH 

that is to say, ISGG c.c. of basic lead acetate solution containing 
5614 gm. basic salt per 100 c.t*.. and 12*43 gm. of NaOH dissolved in 
about 100 c.c. water. 

The dense precipitate was removed by suction, the filtrate 
neutralised and excess of lead removed by hydrogen sulphide. The 

E ale straw-coloured filtrate (1,020 c.c.) contained no reducing sugars 
ut retained its original toxicity io rabbits. 

Tests performed at this stage indicated the presence of^ basic 
materials which could be precipitated by mercuric chloride and 
phosphotungstic acid respectively. 

Accordingly, the bulk of the liquid was reduced by vacuum dis- 
lillation to 200 (i.c. and a fair excess of satuiated mercuric chloride 
solution added. After four da.ys, the pre(*ipitate was removed and 
mercury eliminated from both fractions. 

MElirCllTC ClJLOKIOE PnECIPITATK. 

The concentrated Hg-free solution of this fraction was very dark 
brown in colour and resisted attempts to- decolorise it. Some tarry 
material w^as, how*ever, removed and the following tests performed 
upon the filtrate : — 

Biuret reaction 

Millon reaction 

Ninhydrine reaction ± 

Diazobenzenesulphouic acid -f -f intense red primary colour; 

after reduction, etc., yellow*. 

Phosphotungstic acid........ ± white ppt. soluble on heating 

but reapi)earing on cooling. 

The reactions suggest histidine or a histidine-like substance. 
All attempts to obtain pure histidine hydrochloride from the mixture 
were, however, unsuccessful. 

The main filtrate from the mercuric chloride precipitation was 
still toxic. Sulphuric acid was added to about 5 per cent, concen- 
tration and phosphotungstic acid added so long as a precipitate 
formed. A very large^ quantity was required. The bulky white 
precipitate was filtered off on a Jena glass filter, washed and decom- 
|>o^d in the usual way with hot baryta. The colourless liquid had the 
following characteristics. 
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Solution oe Basic Fhaction Pkectpitated dy 

PllOSPHOTUNGSTIC Acil). 


Diazobenzenesul phonic acid 
Wagner^s reagerii 


IJragendorll’s reagent 

Aloxan reaction 

Solution boiled with ISaOH 


4- Amorphous precipitate, with 
fine spear-like prisms appear- 
ing but co]la])sing to oily 
tlrops on addition of water. 

-f 

4- 4- red-violet changing to violet 
blue on addition of sodium 
hydroxide. 

Alkaline, ainmoniacal vapours 
evolved. 


It was clear that a mixture of bases was jnesent, amongst which 
cholitie was suspected. To a portion, evaporated to dryness and 
taken up in absolute alcohol, an alcoholic solution of mercuric* 
chloride was added. The pjecipitale was centrifuged otf, washed 
with 9G per cent, alcohol and de(*omposed. The solution was found 
to give the Florence reaction with Iodine in potassium iodide. On 
eva]K)ration a hygroscopic crystalline residue was left — presumably 
choiiue hydrcK'hloride. OTO gm. dissolved in Oo c.c. water was 
injected into the dorsal lymph sac of a frog {Hufo r(\f/ularis). Within 
about ten minutes respiratory distress was noticed; the animal 
gradually lost all vertexes and died fifteen minutes after dosing. 

1*3 gm. was given ])er os to a rabbit hut no untoward symptoms 
were noticed. 

Lack of material prevented a more rigorous identification, but 
all the evidence pointed to the identity of this base with choline. 

To the remaimler of the phosphot luigstic acid fraction, auric 
chloride was added in excess, the precipitate removed and dissolved in 
warm water. Uji cooling, stellate aggregates of a crystalline gold 
salt separated. These were washed with water and alcohol and had 
M.P. ]8o®. On analysis they proved to he the basic gold salt of 


tri gonclline which has M.P 

180 '^. 




Microanalysis : 

c 

H 

N 

.Au. 

Found 

21 94 

2 51 

3-63 

36 94 

{C7H7()2N)4 ‘3 HAuCh requires 

21 41 

1-98 

3 57 

37 73 


The normal gold salt was also prepared by recrysiallisation in 
excess of acid auric chloride solution. It had M.P. 194^. 


Trigonelline aiirichloride melts at 197^. 
MicroanalysivS : 

, • An 

Found* 40-97 

C 7 H 7 OJN 4 . HAuCl| requires 41-31 


In all about 02 gm. of gold salt was isolated. 
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The alkaloide trigonelline is widely distributed in the vegetable 
kingdom and is practically non-toxic. Its constitution is — 



CH. 

The main filtrate was freed from phospholungstic acid by means 
of baryta and concentrated in vacuo to 200 c.c. It retained its 
original toxicity, the equivalent of 10 gms. of plant proving fatal 
to a rabbit. 

On evaporation, a large amount of crystalline inorganic material 
separated. The mass was extracted by hot 98 per cent, alcohol which 
removed the toxin but eliminated a large quantity of inorganic salts. 
The presence of sodium acetate proved very tioublesome but by 
repeated extractions, a solution was obtained, still highly toxic in 
doses of approximately 01 gm. per kilo and considerably purified as 
compared with the original plant extract. Certain tests were carried 
out to gain further information concerning the nature of the toxic 
principle. 

Tests upon a Highly Purified Concjentrate. 


Test, 

1. Basic lead acetate — 

2. Phosphotungstic acid and 

all alkaloid reagents. . . , - 
f3. Molisch - 

4. Biuret - 

5. Ifinhydrine -f -f 

6. Diazobenzene sulphonic 

acid " 


Concln^tioft . 

Toxin pi’obably not acidic. 

Toxin not basic in character. 

Toxin not carbohydrate. 

No peptones, etc., present. 

Presence of amino acids or a 
primary amino group in 
toxin. 

Absence of phenolic sub- 
stances. 


The solid residue contained N (I^ssaigne’s test) but neither S 
nor halogens. The value of the positive Ninhydrine reaction was 
difiGicult to assess on account of the fact that any simple amino-acids 
derived from the proteins of the plant would have remained in the 
solution up to this stage. A portion of the residue was treated with 
nitrous acid, the solution boiled and subsequently tested for toxicity. 
It proved to be as active as before, from which it might be concluded 
that the ninhydrine reaction was given by amitio-acid impurities or 
conversely that should a primary amino group be present in the 
toxin, this can be replaced by hydroxyl without influencing toxicity. 
In a latter experiment the al^nce of primary amino groups from the 
toxin was definitely proved. 
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Sri:ciAL Methods of Attfmpted Isolation. 

The essential difficulty underlying all attempts at isolation of 
the Gifblaar toxin is the circumstance that the active material is 
soluble only in uater and it becomes extremely difficult therefore to 
remove other water-soluble substances such as simple amino-acids, 
inorganic salts, etc., which are also present in the plant extracts. 
It may be noted here that, in the present work, toxin concentrates 
have been obtained tor the first time free from all corbohydrate 
material, by use of the technique described above. This removes 
all doubt about the possible carbohydrate nature of the toxin itself. 

Another embarrassing property of the active material is its 
remarkable clieniit al inertness. Xo substance has been found which 
will form with it an insoluble compound, neither does it seem to 
(‘ontain any easily identitiable chemically reactive grouping. On 
a(*count of these (litticulties, various specialised methods of apxnoach 
were investigated in the hope of achieving further purification. 

Dialysis and Higii-pkfssuue I'i/ikafiltration. 

An aqueous solution of a highly 2 >uified concentrate was dialysed 
in a collodion bag (pr(q)arf»d from specially ])rei)ared gun-cotton 
solution) against distilled water. Animal tests showed that the toxin 
dialysed readily into the surrounding medium. 

Attem])ts were then made to use ineinbrunes ot ver\ low permea- 
bility, einjiloying a steel filtration unit subjected to bigb pressures 
of nitrogen gas in order to hasten filtration. Me. Bain has been able, 
by similar means, to effect a partial filtration of sucrose molecules 
from aqueous solutions, so it was lioped that an enrichment, at leavst, 
of the toxin would be accoiiqilislied. Kven with jnessures U2> tx) 80 
atnios})heres irsed in conjunction with the densest filters preparable, 
no apjireciahle retention of the toxin occurred. It must therefore he 
of comjiaratively small molecular dimensions. 


High Yacui Distillation. 


This method is one fiequently employed in the purification of 
materials which do not ciystalUvse readily and wdiich are fairly 
lesislaiit to heat. The vacuum was obtained by a small Bfeiffcr pump. 
All glass parts of the apparatus w’ere ihoroughly dried out before 
commencing the experiment. About 20 gms. of material was jilaced 
in the distilling flask and the following fractions collected. 


Oil bath 
temperature. 

Fraction 1.... 90-110® 

Fraction 11.... 120-200® 

Fraction III.... 216-275® 


Vapour 

temperature. 

Pressure. 

44-49® 

3 m.m. 

50-125® 

3 m.m. 

130-4® 

3-4 m.m. 


Appearance of 
fraction. 

Watcr«clear liquid, acid in 
reaction. 

Pale yellow oil in small 
quantities, slightly acid. 

Yellow-brown viscous oil, 
pungent smell, alkaline, 
not completely soluble in 
water. 


Flask residue.*— Carbonaceous mass smelling strongly of ammonia-like bases. Only a 
negligible quantity soluble in water. 
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Each fraction was dosed to a test rabbit. The only animal show- 
ing any symptoms was that which received fraction III. It lost 
appetite, was somewhat drowsy and died torn* days after dosing. 
The symptoms did not suggest (lifblaar poisoning. 

Clearly, then, vacuum distillation and sublimalion are of no 
avail. 


CoNTiNuors Butyl Alcohol Extracpion. 

Owing to the strongly positive ninhydrine reiution given by the 
purest concentratevS it w^as thought possible that the toxin might he a 
substance of the amino acid or peptone type. A(*cordingly tlje 
continuous butyl alcohol extraction technique of Dakin was tried. A 
purified concentrate was placed in a Xutscher-Stendel apjiaratus and 
the extra<;tion maintained for six days. A deposit of solid material 
formed in the butyl alcohol extract which was nearly black in colour. 
After removing butyl alcohol the fractions were lested out u[)on 
rabbits as follows : — 

M.L.D. of original con(*entrate +5 c.c. 

M.L.D. residual liquid after extraction ±(r5 c.c. 

Butyl alcohol extract (Tmtained about ^ M.L.D's. 

Apparently butyl alcohol removes only traces of the aciive 
principle. This result was especially disappointing since Dakin 
showed that the simple ainiiio-aeids, though practically insohible in 
butyl alcohol, could be extracted quantitatively from aqueous solii- 
lions by use of this solvent, no doubt owing to the more ready solu- 
bility of some modification of the molecule, like Ibe “ Zwiitt^rion ”, 
which reforms as soon as that originally present in miiiuie qiianlily 
has been taken up by the ascendiiiig bubbles of the alcohol. 

Numerous other methods of isolation were tried but since none 
proved successful the detailed description of each will be omitted. 

It was thought that jK)ssib]y some derivative might be formed by 
taking advantage of the reactivity of a group resident in the toxin 
molecule and inducing combination with a suitable reagent. 8uch a 
derivative might reasonably be expected to possess solubilities different 
from the parent molecule and hence offer a chance of i.solation in the 
pure form. Of su(;h groupings, those most likely to be present in a 
natural product are >C0, ~ OH and >NH. 

Test for >C0 groxifs. 

To 10 c.c. of a purified concentrate (MLD±10 c.c.), w^as added 
sutticient liydrochloric acid to render the solution 2 normal and then 
8 c.c. of Brady’8reagent(0*r)gm.2:4dinitrophenylbydrazinein 30 c.c. 
of warm 2 normal hydrochloric acid). A brick-red precipitate formed 
which was centrifuged off and washed well with dilute acid and then 
water, from the mother liquor, excess of reagent was removed by 
repeated shaking with chloroform, finally from the neutralised solxi- 
tion. This liquid was then administered to a 2*3 kilo rabbit. The 
animal died, indicating that the toxic principle had not been removed. 
It is safe to conclude therefore that in all probability no >C0 or 
-CHO group is present in the toxin molecule. 
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Test for presen('k of • OH or >NH grovps. 

Both the hydroxyl - OH and imino >NH ^^roups are capable of 
being benzoylated by means of benzoyl chloride and the derivatives 
formed have usually lesser solubility in water and greater solubility 
in org-anic solvents than have the parent molecules. 

Ac(;or<lingly, 20 c.c. of the same toxic pjeparation as was used 
]n the previous experiment (rr-2 M.L.l).) was benzoylated with benzoyl 
chloride and sodium hydroxide by the Schotten-Baumann method. A 
certain amount of a brownish insoluble malerial separated out during 
the course of the benzoylation. The alkaline liquid was shaken 
lepeatedly with eiher. It was then acitlified and agaiji ether oxtratded. 
Moth extracts and the residual solution weie doseil separately to 
rabbits. The animal receiving* the residual solution died in 4.J, hours 
fiom typical (fithbiar iioisoning*. There is thus no ether-soluble 
benzoyl derivative formed and should the toxin molecule possess either 
an - OU or >NH group one is forced to conclude that this grouping* 
is ill no way essential to the manifestation of toxic activity. It seems 
more probable tliat these groups are absent from the toxin. 

To summarize tlie evidence available at tliis point it would appear 
tliat the molecule of tin' (lifblaar toxin contains neither - COOH, 
-Oil, >A'll, nor >(M> groups. It jiossesses neither a(ddi(‘ 

nor basic character and appears to 1 h» chemi(‘ally v^eiy inert. One is 
iorced to the conclusion that it must be a very pe(*iiliarly constructed 
m(de(*ule. The only jiossibility that to the writer seems o])eu is that it 
must be a tertiary amine, the grou]nng ^Js having* in this case 
exceedingly feebly ba<ic or neutral characteristics. Unfortunately uo 
possible method of isolation is suggested by this consideration, 
tertiary bases being coinjiaratively non-reactive. 


Kxi»erimi*:x'1’s x pon the s'i ahii.ity of i iie toxin to variox s agents. 

(^ertain exidence has already been presented, demonslrating* that 
the Oiflilaar toxin is thermostable and nut readily attacked by acids or 
alkalis, hi order to gain jirecise information, the following experi- 
ments were carried out: — 

A coiu'entrate xvas prepared of which the M.L.l). for rabbits w^as 
found to be ib c.c. Individual 5 c.c. portions weie then treated as 
follow s : — 

(a) Acid potassium permanganate (0 01 N) solution added so 
long as decolorisation occurred at room temperatxire : 
30 O..C required in all. The mixture was neutralised and 
dosed. 

(h) 2 c.c. of perhydrol added. After one hour at room tempera- 
ture the mixture was dosed. 

(c) 1-5 c.c. normal sodium hydroxide added (i.e. to i per cent.). 
Mixture placed iu boiling water bath for 1 houi, cooled, 
neutralised and dosed. 

(d) 1*2 c.c. normal sulphuric acid added. Ti'eated as in (r). 
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... .... 

Ail four rabbits receiving these preparations died* It is clear 
therefore that the toxin is stable to mild oxidising agents and not 
altered appreciably by. hot 1 per cent, acid or alkali; it is not there- 
fore a substance suffering hydrolytic fusion. 

Elimination of amino-acios and absence of a primahy amino group. 

Since the most carefully purified extracts always gave a strongly 
positive ninhydrine reaction, suspicion was entertained that the active 
principle might contain a primary amino group although the experi- 
ments recorded on pages and rendered this somewhat 

unlikely. Amino acids may be precipitated from complex mixtures 
by the use of mercuric acetate and sodium carbonate and it was there- 
fore decided to subject a concentrate to this procedure and ascertain 
in which fraction the toxicity remained. 

To 25 c.c. of the same solution as used above (M.L.D. ±5 c.c.) 
were added 10 per cent, sodium carbonate and 25 per cent, mercuric 
acetate solutions until precipitation of mercury compounds was com- 
pleted as shown by the orange-yellow colour of the final turbidity. 

The precipitate was removed, suspended in dilute hydrochloric 
acid and gassed by hydrogen sulphide; mercury was also removed 
from the filtrate. 

One rabbit was given 2/5 of the precipitate fraction, correspond- 
ing to 2 M.L.l)., but suffffered no ill effects. Another, receiving Jl/lO 
of the filtrate { — M.L.D.) died hours after dosing. The toxin 

is therefore not precipitated by the reagent. 

The active filtrate fraction was pale yellow in colour but gave no 
reaction for amino groups with ninhydrine thus proving that primary 
amino groups ~ NH 3 are absent from the toxin. 

A one M.L.D. equivalent of this amino-acid free solution was 
evaporated to dryness. The weighed residue, a pale yellow viscous 
syrup, w’-as ashed aii(J the weight of the ash substracted thus affording 
the weight of organic matier present in a single lethal dose. A total 
nitrogen kjeldahl determination was carried out upon a second M.L.D. 
equivalent. The results were as follows: — 

Weight of organic matter =0-5832 gm. 

Total N -=2] *4 mgm . 

This preparation had not been subjected to such a rigorous series 
of purifications as some of those formerly employed but esjpecial care 
had been taken to eliminate all nitrogen-containing impurities such as 
proteins, amino-acids, ammonium salts, etc. The comparatively high 
nitrogen content of the residue, amounting to f 3-7 per cent., would 
appear to offer evidence strongly presumtive of the presence of 
nitrogen as an integral constituent of the molecule of the toxin. It 
is of interest, in this connection, to record that the fumes evolved on 
ashing the material were found to give a fairly strong pine-splinter 
test. The formation of pyrrol by pyrolysis is of course no specific 
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indication of the presence of pyrrollic derivatives in the material but 
indicates ntf-vertheless that organic*, nitrogenous compounds are 
present. ^ t * 

It is highly probable that the Oifblaar toxin contains cyclically 
bound nitrogen. 

IIaPID MKTHOJ) for TITE PRErAUAXION OF CONCENTRATES. 

The method of purification outlined is very laborious and time- 
(consuming. Two (drcumstances, in particular, render the procedure 
troublesome, namely the laige amount of certain reagents required 
and the great mass of inorganic material which accumulates in the 
final solutions. 

In order to obviate these difficulties and provide a rapid method 
for obtaining a fairly pure concentrate the following method was 
devised. A watery extract of the plant was cleared with basic lead 
acetate and the lead-free filtrate concentrated in vacuo, witJwut 
neutralimtiot} , to a small bulk. Drying was continiied in front of a 
fun at room tenii)erature. The syrupy material was then stirred 
repeatedly witli acetone which removed the last traces of acetic acid 
and served 1o dehydrate the material. It wtis then taken up in a 
suitably large volume of 9G per cent, alcohol rejecting the material 
remaining undissolved. An equal volume of absolute alcohol was 
then added and the precipitate divscarded. The remaining 98 per 
cent, alcohol solution contains nearly all of the active principle 
originally present and in a condition sufficiently pure to serve as the 
starting point for further experiments. It was found by varying the 
procedure and extracting the dehydrated mass with absolute alcohol 
before dissolving in 9() or 97 per <‘ent. that a small quantity of addi- 
tional inert material could be removed. 

The detailed pro(*edure and revsults obtained in this series of 
investigations is best illustrated by the following charts: — 

Chart I. 

Concentrate : 25 c.c. (8 M.L.D.) 
evaporate to drynese, 
extract with aeetone 


Acetone solution 

Residue 

Toxin nil 

Extract with absolute alcohol. 
1 

Absolute alcohol solution 

Reaidui (7 M.L.D.) 

Toxin : 1 M.L.D. 

Extract with 96% alcohol. 

1 

96% alcohol solution (5 M.L.D.) 

Residue 

Add equal volume of absolute alcohol. 

1 

Toxin : 2 M.L.D. 

98% alcohol solution 

Precipitated residue 

Toxin ; 6 * M.L.D. 

Toxin: Nil 
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Chart II. 


Conoen|rate dehydrated with acetone (18 M.L.B.) 
' Extract' with warm 97% alcohol. 


97% alcohol solution Precipitate on cooling 

Add equal volume absolute Toxin : nil 

alcohol 


Eesidue 
Toxin ; nil. 


98 5% alcohol scdution l^ecipatcd Residue 

Toxin ; 18 M.L.D. Toxin : 2 M.L.l). 


To 5 M.L.D. add equal volume 
absolute alcohol 


No precipitate, only faint turbidity. 


Remaining 10 M.L.D. 
l*recipitate with ether. 

Pale brown sticky material, giving | f 
niiihydrin test. 


Discu ssion and Summahv. 

• 

Although the investigations recorded in this paper have not 
resulted in the isolation of the toxic principle of the (lifblaar, 
Dichapetahim rytuAmim in a state of chemical purity, it is felt that 
certain valuable infonnation has been obtained relative to the nature 
of this toxin. In addition, some interesting substances have been 
isolated from the plant in the course of chemical manipulations. 
These include : 

(1) A catechol tannin, 

(2) A yellow colouring matter, slu'wn to be a methylpentoside, 
yielding rhainnose on Iiyd^olysis. 

(d) A histidine-like base. 

(4) A base probably identical with choline. 

(5) The alkaloid trigonelline, the methyl-betaine of nicotinic 
acid. 

Various specialised methods t\^ere tried for the purification of 
the toxin, including: 

(1) Dialysis. 

(2) IJltrafiltration under pressures up to 80 atmospheres of 
nitrogen. 

(3) High-vacuum distillation and sublimation. 

(4) Continuous extraction with butyl alcohol, etc. 

Certain other lihemical operations led to the conclusion that the 
following groups are definitely absent from the toxin molecule: — 


Carboxyl 

-COOH 

Ketonic 

>CO 

Aldehydic 

~ CEO 

Hydroxyl 

- OH 

Amino 

-NH, 

Imino 

>NH 
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The iH'live principle almost ceitainly (-onlains iiitr()<^e!i ainl it 
is suggested that this may he included in some cyclic striictine. li 
may possibly o<'cur as in tertiary bases but the molecule, as a 

whole, does not evince basic characters. Preparations, still highly 
toxic to rabbits, have been j)rei)ared containing no protein, amino- 
acid, or carbohydrate jiiaterial, imparities wln(‘li had not before been 
siKccssfully removed. I'he (‘heiuical stability or inertness of the 
toxic substance is very remarkable in view of* its jironoumed physio- 
logical action. Thus, it resists boiling lor one hour with 1 per cent. 
sulj)huric acid or 1 per cent, sodium hydroxide solutions; it is not 
oxidised hy potassium permanganate or by h>drogeii ])eroxide in the 
cold and it is thernioslable. 

In view of this stnhfliiij and the ahsenee of any substance known 
to cotnhine with or precipitate the to;nn, the hojw of finding any 
specific prophylarltr or rn rat ire svhsianre for use in (jifblnar poison- 
ing hceoines very remote indeed. 

A C KNf »\V J .K DC M F ST . 

1 wish to thank Dr. D. D. Steyn for his unfailing interest 
throughout the course of these investigations. 
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VIII. Effech’ of Free Prcssic A(id on the Plant. 

IX. Prussic Acid in Gly(T)sidic or non-Glycosidk’ Form. 

X. Prvssic Acid as an UuciANic Coaifoi nd. 

XI . Experiments : — 

(a) Ex])erinients on Sotylnnn rerticilliflornm. 

{b) Expel i men is on Eusfarhys paspaloides, 

(c) Extraciions. 


I. INTRODUCTION. 

The question of prussic acid in grasses is of practical as well as 
theoreticid importance. The numerous deaths in animals caused 
by toxic fodder raise the subject to a vital issue for farmers. From 
a theoretical point of view the problem throws much light on the 
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physiology of the i)laiit. Indeed, in many cases it distinctly shows 
the influence of environment on metabolism and also provides some 
hints on the possible intermediate products which could arise in the 
synthesis or disintegration of protoplasm. We are probably touching 
here on some fundamental activity of the living cell, which may 
enlighten us one day on the reactions leading to protein synthesis. 

As in most cases of agricultural research, the theoretical aspect 
of the question provides the vsolution to the practical ope. Many of 
the experiments mentioned in this paper have, however, been made 
only with the view of obtaining immediate useful concdusions tor 
the farmer. It is perhaps this lack of academic interest in the prob- 
lem which leaves us so much in the dark with respect to conditions 
leading to the production of ])ru8sic acid in grasses. 

The publicalioiis <)n the subject are already abundant; a 
summary and a synthesis are therefore urgently called foi, especially 
in the presence of numerous conflicting observations, which reveal 
once more how involved ihe response of the plant is towards iis 
environment. 

In our endeavour to understand some of the drastic changes 
observed in plants, we also far too often look for outstanding causes. 
Yet many of the remarkable flmduations in prussic acid (oiitent are 
produced only by minute variations of climate and chemical compo- 
sition of the soil. An experimental method to record such oligo- 
dynamic changes of environment is badly needed and were siicb a 
method at hand we would certainly see clearer ia the problem under 
discussion. 

In order to discuss our subject from all possible angles we shall 
also have to deal with a series of theories, not directly connected with 
grasses, the (conclusion of which may however have a bearing on the 
plants we are dealing w^ith. The aim of the paper is therefore not 
merely a compilation, but a synthesis of the existing knowledge on 
the question of prussitc acid in grasses. 

li. A LIST OF TOXIC GRASSES.^ 

Prussic acid occurs in grasses either free or in ‘the nitrile form 
linked to a sugar and benzaldehyde-like substances. It is doubtful 
whether they all contain the same glycoside ; acetoneryunhydrin has 
how^ever not as yet been detected in them. In most cases the plant 
possesses the ferment necessary to split its glycoside; sometimes the 
former may occur alone. No grasses are as yet knowm where the 
glycoside alone is present, yet in future such cases may still be found, 
if we submit the Gramineae to a severe test. 

In the following list, the authors in brackets are those who have 
been dealing with the plant, or at least have (quoted it. The first 
name is not necessarily that of the author who made the first inves- 
tigation, because it is often difficult, if not impossible, to determine 


I am very much indebted to Professor A. S. Hitchcock, National Her- 
barium, Washington, who, through the courtesy of Dr, E. P. Phillips, has 
supplied me with the most recent nomenclature of the grasses mentioned in this 
list, I also wish to thank Miss L. Chippendal, of the National Herbarium, 
Pretoria for her assistance. 
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who started the original research. When the information is avail- 
able (only from Petrie) we shall state whether the plant contains 
glycoside 4- ferment, or ferment alone. 

1. Andro'pogon inter medius 11. Br., native in N.S. Wales, 

(Petrie 1913), glycoside + ferment, strong reaction in 
summer. 

2. Androgoyon ischaetwuni Linn. Wide distribution. (Petrie 

1913), glycoside 4- ferment ; strong reaction in the summer 
. of N.S. Wales. 

3. Andropogon micranthva Kunth., native in N.S. Wales, 

(scented grass) (Petrie 1913), glycoside ! ferment, but only 
trace, sometimes entirely free. 

4. Amnopogon avenarenHli. Br., native in N.S. Wales. (Petrie 

1913). 

o. Anthcphota puhescens Nees. South Africa. Henrici ]92().’' 
Sleyn 1934); contains laige amounts of piussic acid in the 
w ilted state. 

(i. A ntho,rnnthv in odornium Linn. World wide. (Petrie 1913), 
ferment only. 

7. Aristida rongesta It. & S. South Africa. (Henrici 192G, 

Steyu 1934) yields prussic acid especially when the leaves 
are rolled. 

8. Anstidn vniphnnifi Licht. South Africa. (Henrici 1920, 

Steyn 1934), yields prussic acid when wilted. 

9. Arundo rnnspicun Forsk. {Cortaderia cfnispicva) (Greshoft* 

1909, Pammel 1911). There is no record of this species 
ever having been transferied to Cortaderia undei which 
genus it is quoted by Greshoff and Pammel. 

10. Aj‘(inopitf( compiessya Beauv. {Pa^pnUvm phiticanlon Poir.) 

N.S. Wales. (Petrie 1913), ferment only, during pait of 
tin* year. 

11. Ittunhnsa arundinacea Willd. Wide distribution. (Walter, 

Krassiiosselska, Maximov and Maltschewskv 1911, Petrie 
1913, Wehmer 1929). 

12. Jtontclova gracilis (H. B. & K.) I^ag. {Boufidoua oligos- 

tachya Torr.). Introduced from Mexico into N.S. Wales. 
(Petrie 1913), glycoside 4- ferment, maximum in mid- 
summer in N.S. Wales. 

13. Jhiza> minor Tdnn. World wide distribution. (Couperot 

1908, Greshoff 1909, Pammel 1911, Petrie 1913). Petrie's 
investigations in 1913 show negative results throughout 
the year. 

14. Catabrosa aquatica (Ij.) Beauv. (Petrie gives 1908 as first 

date of record, but no author.) (Greshoff 1909, Pammel 
1911, Petrie 1913). 


99 



HYDHOOYANIC ACID IN (3RASSES. 


15. Chaetivtw hromoides (Prest.) Benth. (Petrie 1913), ferment 

only. 

16. Chloris polydactyla (L.) Svv., introduced from South 

America to N.S. Wales. (Petrie 1913), glycoside + fer- 
ment, tliroughoTit the year, 

17. Chloris triincata, li.lir. (star grass), native hi N.S. Wales, 

(Petrie 1913), glycoside 4 feriiieut, strong reaction only in 
January, 

18. Chloris veniricosa, R.Br., native in N.S. Wales. (Petrie 

1913), glycoside -h ferment, strong reaction only in 
January. 

19. Corfaderia arycntea Stapf. var. giymitea, rosea and 

variegalii. No record of the publication of the varieties 
(‘ould be found. Soith American Pampas grasps, culti- 
vated in N.S. Wales. (Peirie mentions 1906 as year of 
first record, luit no author.) 

(Petrie 191e3), glycoside4 ferment, all varieties show 
strong reactions the whole y('ar through. 

20. CorUideria hermesiaoa. ((xreshoft* 1909, Pammel 1911). 

There is no record of such a species. 

21. Cynodon hradleyi Stent. Wide distribution. Cultivated as 

a lawn grass, (Sleyii 1929 and 1934). 

22. Cyiiodon dariylon (L.) Pers. Wide distribution. (ibMiie 

1913, found ferment only; Wehrner 1929, Steyn 1934). 

23. Cynodon incompletus Nees. South Africa, N.S. Wales, 

(Maiden 1912, Schimmeri913, PMrie 1913, Welmier 1929, 
Steyn 1934). According to Petrie it was still doubtful in 
1913 whether this grass had been introduced from South 
Africa, or is indigenous in Australia. According to the 
same author the grass contains glycoside 4* feiment, shows 
a strong reaction in winter only, loses its glycoside through 
desiccation while the ferment remains. 

** 24. Cynodon Iran svaalen sis, Burtt T)avy. Transvaal. (Steyn 
1934). Wilted specimens contain large amounts of prussic 
acid. (See also under climate and vsoil.) 

25. Danthonki seviiannnlaris (Lahill.) R.Br., native in N.S. 

Wales. (Petrie 1913), glycoside + ferment, faint reaction. 

26. Difjfitaria rriantha Steud. South Africa (Henrici 1926, Steyn 

1934), prussic acid in wilted specimens. 

27. IJactyloctmivin aegpptinm (I.) llicht. (Eleusine aegyptiaca 

Pers.), South Africa, N.S. Wales. (Petrie 1913), glyco- 
side 4- ferment, reaction during part of the year only. 

28. Elevsine coracana Gaertn. (Rayhaud 1913). 

29. Eleusine indica Gaertn. South Africa, N.S. Wales. 

(Petrie 1913, Rayhaud 1913), glycoside 4- ferment, reaction 
during part of the year. 
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30. Eragrostis pilosa Beauv. (Petrie 1933), ferment only, dur- 

ing part of the year. 

31. Eragrosits pectinacea Miclix. {Enigroslts pwcfiii Schrad.) 

(Petrie 1913), feririent only, during i>art of the year. 

32. E^tHaehys paspaloijea (Vahl) Lanza et Matti. Wide dis- 

Iribiition. (Petrie 1913, Bosenthaler 1925, Henrici 1926, 
Wehmer 1929, Sieyn 1934). Arcording to Petrie, gly(*o- 
s^de -f ferment, in N.S. Wales, very strong reaction in 
Xoveniher, faint oi nil during the rest of the year. 

33. Elyimis sp. (Greshoff 1909, Pammel 1911). 

34. Ecln’nochloa colcma Link (Panicuni coloviim L.) (Petrie 

1913), ferment only, during part of the year. 

35. Festttca larhenalli vS])arnj. {Festuca poo Kunth) (Petrie 

mentions first record 1908, hut no author). (Greshoft* 1909, 
Panimel 1911, Petrie 1913). 

36. (jhjcet'id iiiputtica (L.) Walil. (Foa aq'tutiirn 1.) (.lorisson 

1884, Greshotf lOOfi, 1909, Pummel 1913. Petrie 1913, 
Gumin 1932). 

37. (j/Iymui canmlensis (iliehx.) Trin. {PnnU uhnui raruulvnsts 

\richx.) Kuntze, Xorth America (Alsherg and lllack 1915). 

38. Glycciin gratulis Wats. {Ptui icuJaiia gnuuJis Xash), Xorth 

America (Alslrerg and Black 1915). 

39. GJip'ci'ui nerraia (Willd.) Trin. {Paincithuia acrvaUi) 

(Willd) Kuntze, Xorth America (Alsherg and Black 1915.) 

40. IJ rmarthria compvcssd ILBr. (Petiie 1913), ferment only, 

during ]nirt of the year. 

41. IdfUflNs Linn, Wide dist rihul ion (Petrie mentions 
date of first record 1908, hnt not author). (Gieshoff 1909, 
Pammel 1911, Petrie 1913). 

42. Ldgvrtfs oraffis Linn. South Africa, X.S. AVales. (Petrie 

lfH3), ferment only, during jiart of the year. 

43. Lnniarckia (utrea Moench, (Couperot 1908, Greshoff 1909, 

Petrie 1913). Petrie has found no trace of prussic acid in 
his specimens in X.S. Wales. 

44. Jjeptochloa dcrlpicns (K.Hr.) Druce (Bentham refers this 

sp. to L. rhinensis Xees). X.S. Wales. (Petrie 1913), 
glycoside -h ferment, strong ]iroductioTi of ITCX through- 
out the year, 

45. Leptochloa duhia (H.B. & K.) Xees (Dtplachne dvhia 

Scribn.) A Mexican grass introduced into X.S. Wales. 
(Petrie 1913), glyeoside-f ferment, one of the grasses that 
yields the highest amount of prussic acid tested by Petrie. 
Evolves constantly free acid throughout the year. 

46. Loliuvi Lamarchii L. (Oornevin 1893, Greshoff 1909, 

Pammel 1911). No such species is on record. 
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47. Lolium perenne L. (Miquel 1838, Cornevin 1893, Greshoff 
1909, Pammel 1911). 


48. Melica altissima L. 

49. Melica ciliata Ji, 

50. Melica nutans L. 

51. Melica uni flora Eetz. 


(Fitschy 1906, Petrie 1913, Eay- 
baud 1913, Wehmer 1929) (Gres- 
hoff 1909 and Pammel 1911 mention 
genus Melica). 


52. Melica rnagnolii Greii. et Godr. (Mirande 1909, Eaybaiid 
1913). 


53. Panu'vni hulbosuni H. B. & K. (Petrie 1913), ferment only, 

during part of the year. 

54. Panicurn divaricatissimntn E.Er. var. nornuile Benth. 

(Petrie 1913), ferment only, during part of the year. 

55. Panicvffi juncevm Nees. (Greshoff according to Pammel 

1911). 

5G. Panic uni nuunwdini dacq. Wide distribution. (Briinnich 
1903, Greshoff 19()(i, Petrie 1913). Petrie has not found 
any prussic acid. Contains dhurrin according to B adders 
and Wehmer in Klein^s Handb. der Pflanzenanalyse 1932. 

57. Panicum vniticnni Forsk. (Brunnich 1903, Greshoff* 1906, 

Petrie 1913). Petrie has not found any prussic* acid. 
Contains dhurrin according to Hadders and Wehmer in 
Klein’s Handbuch der Pffanzehanalyse 1932. 

58. Panicum strictum E.Br.^ tBeiitham names this P, marm- 

natum^ var. strictum Benth.) (Petrie 1913), ferment only, 
during part of the year. 

Panicum as a genus was mentioned by Greshoff* in 
1909 and Pammel in 1911. 


59. Pa^^pulum scrohiculatuuu Linn. South Africa, N.S. Wales. 

(Pei lie 1913), ferment only, during part of the year. 

60. Pennisefuni latifoliuni Spreng. N.S. Wales. (Petrie 1913), 

ferment only, during part of the year. 

61. Phalaris coerulescens Desf. (PhaJaris nquatica L.) (Jorisson 

1885. Jorisson and Hairs 1891, Wehmer 3929). 


62. Poa nenioraUs L. N.S. Wales. (Petrie 1913), ferment only, 
during part of the year. 


63. Pogonarthria squarrosa (Licht.) Pilger. South Africa. 

Henrici 1926, Steyn 1934). Wiltetl specimens contain 
prussic acid. 

64. Rhaphis gryllus (I.) Desv. {Aiairoqwgon gryllm L.) Native 

in N.vS. Wales. (Petrie 1913), glycoside + ferment, only a 
trace and only in winter. 

66. RJiaphis rnontana (Stapf.) Phill. (Chrysopogon serrulatus 
Trin.) South Africa. (Henrici 1926), 
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G6. Sorghvm lialep^nse (Jj.) Pers, [Andropoyon halejjensis (L.) 
Biot.]. Petrie indicates first record as 1903, but does not 
mention the author.) (Pammel 1911, Petrie 1913). 

07. Sorghum, halepense (L.) Pers. forma (Andropogou halepen- 
sis Sibth var. mutica Hack.) Native in N.S. Wales (Petrie 
1913), glycoside + ferment. 

68. Sorghum verticillifloruiri Stapf. Johnson (Irass. (Craw- 
ford 190f), Steyn 1934). 

09. Sorghum vulgare Pers. \ Andropogon sorghum (I.) Brot.l 
((^ornevin 1838, Abbot 1887, Palmeri 1887, Dunstan and 
Henry 1902, Balfour 1903, Peters, Slade and Avery 1903, 
Kaveniia et Zamorani 1903, Itavenna et Peli 1907, 
Greshoff 1909, Pammel 1911, Petrie 1913, Wehjner 1929, 
Steyn 1934). ^'liere is a remarkable variation of the fer- 
ment. (Vrinin leaves (‘ontain the ferment only (Petrie 
1913). 

70. Sorghum rut gore Pers. forma (Sorghinri nigrum R. & S.) 

(Petrie 1913, Rosenthaler 1922, 1923, We'hmer 1929). 

71. Sorghum, vulgare Pers. forma {Sorgrum sarcharofum, 

(Petrie iiidicales first record in 1903, but dues not mention 
the authoi). [Petrie 1913, Hiltner (date.P), Wehmer 1929, 
Steyn 1934.] Rayhaud has examined 20 Sorgduims, but 
does not mention the si)e(*ies. 

72. Sporohol u.s fi mhriaius Nees. South Afjit a. (Henricd 1926, 

Steyn 1934), prussic* acid in the wilted plant. 

73. SporohoJus vf rgmieus Kunth. N.S. Wales. (Petrie 1913), 

fernient only, during part of the year. 

74. Stipa eapHlota L. (Greshoff 1909, Petrie 1913). 

75. Stipa elegant issima Labill. N.S. Wales. (Petrie 1913), 

ferment only, during i)art of the year. 

7(). Stipa gigantea. (Petrie 1913, mentions year of first record 
1906, but no author.) There is S, gigantea Link and S, 
gigantea Lag. Tt is impossible to decide which one was 
meant. 

77. Stipa hystririna Spreiig. (Hebert-IIein 104, Greshoflf 1906, 

Petrie' 1913). 

78. Stipa leptostachya Griseb. (TTrt>ert-Hein 1904, Greshoft 

1906, Petrie 1913). 

79. Stipa Lessingiaria. Trin, & Rupr. (Greshoff 1909, Petrie 

1913). 

80. Stipa tenuissima Trin. N.S. Wales. (Petrie 1913), ferment 

only, during part of the year. 

81. Stipa tortilis. Desv. (Petrie mentions the year of record 

1906, but no author) (Petrie 1913). 
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82. Stifa verticillata Trin. (Benthani refers this sp. to S, 

micravtha R.Br.) N.S. Wales. (Petrie 1913), ferment 
only, <luring part of the year. 

83. Themeda triandra Forsk. South Africa. (Henrici 1916, 

Steyu 1934). 

84. Trichachne insvralis Nees {Panicum leucophaeuin H. B. & 

K.) (Petrie 1913), ferment only, during part of the year. 

85. Triodia fiava (L.) (Smyth {Tridrns flavus (L.) Hitchc.] 

(Alsberg & Black 1915). 

86. Uniola latifolia Mich. N.S. Wales. (Peirie 1913), ferment 

only, during part of the year. 

87. 7^ea Maya Linn. (Cornevin 1838, Greshotf 1909, Walsh 1909, 

male intloresoence ; Pammel 1911, Burtt Davy 1912, Petrie 
1913, IJosenthaler 1*913, pistils; Wehmer 1929, Stevn 
1934), 

88. Zyato punyena Willd. N.S. Wales. (Petrie 1913), ferment 

only, during part of the year. " 


III. THE METHODS OF EXTRACTION. 

It has been abundantly demonstrated that the prussic acid con- 
tent of a grass varies considerably according to climate and season. 
We should theiefore not be surprised to find a large discrepancy in 
the figures obtained by quantitative experiments. Some of these 
measurements are however open to critic.ism because they were not 
all carried out with a maxi mum care to avoid losses. Some pre- 
liminary tests should always be made to ensure that during the 
chosen process of extraction no acid or glycoside is eliminated. 

The difficulties attached to quantitative determinations are shown 
by the following instance. Dowell (1919) lias observed that three- 
quarters of the prussic acid disappears when the grass is submitted 
to desic(*ation. Petrie (1913) has dis(*overed on Cynodon iixcom/pletua 
that while the plant is drying, the glycoside content gradually 
decreases while the amount of enzyme remains unchanged. The 
writer has however dried some grasses under controlled conditions 
and has found that during the process practically no arid escaped. 

The above apiiareiit contradiction may be an indication, not ot 
elimination but of a transformation into other siibstances. In such 
a case drying would not show a discoloration of the Guignard paper, 
while the glycoside content may have diminished to a considerable 
extent. In future such possibilities will have to he borne in mind, 
when extractions are made. 

Many authors have macerated their material in water. There 
is no doubt that this method involves a certain loss through two 
channels. The dying cells will allow a diffusion of the ferment and 
prussic^ acid is emitted as such. Moreover an aqueous solution of the 
acid is unstable and leads to formate of ammonia, 
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Bishop (192T) has submitted some of the current practices to 
a test and finds that distillation leads to untrustworthy results. The 
alcohol extraction is considered to be sound for the estimation of 
cyanogenetic glyc-osides in leaves. See also Narasiinha Acharya 
(19;i3). 

The following points should always be taken into ac.cdint when 
a quantitative test is decided ti])on : — 

1. H(^X may be present iji a glycosidic or non-glycosidic form. 

2. During maceration the ferment may be liberating HCN. 

3. The radical ('N may be ])iesent in another (‘ombination from 

which it is not ]il)eraie(l l)y our metliods of extraction. 

4. Boiling the acid and its salts in water, or keeping it too 

long in an a(j[ueous solution may cause loss by transfor- 
mation into other substances. 

5. The method may only liberate pait of the prussic acid, 

the jest being retained by catalytic or steric hindrance. 

(). Tlie process of extraction may be Croat iiig IICN de novo 
from nitrogen compounds in the plant. 

llosenthaler (1932), in Klein's Dandbuch der Pfianzenanalyse 
gives an extensive account of the bcvst methods for determining prussic 
acid in plants and of extracting the glycoside. We need therefore 
not enlarge on the subject, except for the warning that eacli species 
of grass needs its own methods of extraction, which must ho deter- 
mined by preliminary ex])erimonts. 

I w ish, however, to call back to remembrance (Ireshoff's micro 
method n8S9) for detecting prussic acid in plant tissues: — 

Place a freshly cut section not too thin and containing at least 
ojie layer of intact cells, in a 5 per cent, alcoholic potash solution; 
then transfer it after 15-90 seconds to a warm ((>0° C.) ferrous-ferric 
solution (2-5 ]>er cent, ferrous sulphate I per cent, feiric chloride) 
and leave it there for ten minutes and finally place it for from five 
to fifteen minutes in dilute liydioehlorie. arid (one part of cone, acid 
and six parts of waiter), A section so prepared shows minute agglo- 
merations of Piussian blue wherever iirussic acid occurred in the 
original seidion.'* 

This method may prove useful in many instances, as a side test 
in doubtful cases. 

IV. THE PRUSSIC ACID CONTENT AND THE LETHAL DOSE. 

There are comparatively few^ experiments in gruvSvSes wdiich have 
been properly conducted to give a safe indication of tbeir toxicity. 

Hindmarsh (1930) has found in administering Scheele’s acid 
(HCN) that the lethal dose per 1 lb. body weight of sheep and cattle 
is 1 mg. Avery (1903) has found that 0*4 gr, HCN per os will 
render a heifer very ill, but allow recovery. He does not state the 
weight of the animal. Steyn (1934) has computed from several 
authors (among which also Hindmarsh) that the figure for cattle is 
2*2 mg. HCN per Kg body-weight intraperitoneally, and for sheep 
2 ’2 mg per os. 
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Are we entitled, on the basis of these tests obtained by pure 
chemicals, to calculate the lethal dose in terms of so and so much 
grass, assuming we know the prussic acid content of the plant? 
Considering one of the experiments by Seddon and King (1930) we 
w^ould feel inclined to answer in the affirmative. These authors have 
shown that in feeding Acacia glaucescens (containing sambunigrin) 
they confirm Hindmarsh’s determination of 1 mg. per lb body-weight 
for sheep. 

But curiously enough when feeding pure sambunigrin from 
Acacia glaucescens, the dose in terms of prussic acid was 2 mg, per 
•lb. body- weight. 

Petrie (1913) reports on an experiment made with Cynodon 
incompletus which was fed to sheep. I'he material contained 0*016 
per cent, prussic acid. The lethal dose per sheep of 150 lb, was 2 lb. 
of grass which cx)uld liberate 0*14 grams of prussic acid. This con- 
firms again the figure established by Hindmarsh as roughly I mg. 
per lb. body-weight. 

Peters (1903) relates the case of a heifer which dropped to the 
ground ten minutes after having been driven into a Sorghum field. 
The animal was finally killed because it was obvious that it would 
not recover. The post-mortem showed 1^ lb. of sorghuln in Ihe 
paunch. 

To arrive at an idea what the quantity of prussic acid involved 
in the last case may be, consider the rnaximuni quantities of this 
substance extracted from grasses by the followiiig authors: — 

Per cent. 

Dowell (1919) highest per cent, obtained on 

Andropogon Sorghum .* 0*0514 

Swanson (1921) highest per cent, obtained on 

Sudan grass 0*015 

Avery (1903) highest per cent, obtained on 

Sorghum vulgare 0 014 

Pinckney (1924) highest per cent, obtained on 
Sorghum gro^n on (%)loma sand with 502 lb. 
nitrate per acre 0*136 

Willaman and West (1915) highest per cent. 

obtained on Sorghum (Minnesota) 0*114 

In assuming that the animal in Peters’ experiment had taken 
Sorghum of the highest toxicity such as Pinckney had obtained, the 
amount of prussic acid present in the animal through the ingestion 
of \\ lb. of grass would be about 0*8 gr. Assuming the animal to 
be about 200 lb., this would be four times the lethal dose. 

But the important question here is not how much have we 
introduced, but how much can be liberated in such a short time. 
Can we assume that the cells of the grass when reaching the paunch 
are broken up to such an extent to liberate the lethal dose within 
15 minutes? In view of the fact that the paunch is alkaline, ihm 
not at the optimum pH for the ferment, in view of the fact also 
that only a small proportion of the cells are broken up within the 
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first hour, we may be justified in thinking that the glycoside does 
not liberate enough prussic acid and that therefore the latter is not 
the only toxic substance involved in killing the animal. The experi- 
ments both of Peters and of l^etrie are oi)en to this doubt. 

The question of elimination from the animal body is all impor- 
tant in this connectiou. Prussic*, acid on account of its high 
difiusibility will readily reach the blood stream, but it will, by this 
same property, be eliminated very quickly. The balance between 
elimination and the supply from ;the ingested material will deter- 
mine to a large degree the toxity of the dose. If the ingested 
material is slow to break up in the paunch, the animal will stand 
more than the lethal dose determined on pure (diemicals. 

This question that possibly another substance could be involved 
ill these deaths sJiould he seriously taken into account in future 
investigations. One uay of testing the queslion would be to deter- 
mine the prussic a(‘id content of the material before it is fed. After 
the death of the animal the grass found in the paunch should be 
retested, to find out how much prussic; acid Jmd ad ualJy been 
liberated. The contenis of the jiaimch vould best he introduced into 
95 per cent, alcohol to prevent loss during handling and transport 
to the laboratory. An exiierinicmt in ritro made with saliAui and 
extract of the ])aunch Avould also show to what (*xtent these juices 
are favourable or unfuA-ourable to the liberation of prussic* ac id. 

The experiment of Pease (1iS97) may also l)e mentioned in this 
corinc^ct ion. Pease claims that deaths of cattle in India from Johnson 
grass were really cases of nitrate poisoning. He was able to detect 
20 per cent, of potassium nitrate in stems of the grass and in feeding 
this salt to the animals was able to reproduce some of the symptoms. 

That cyanide is not toxic under all cir(*umstances is borne out 
by some experiments of Loeb (1910). It is a well-known fact that the 
eggs of the sea urchin are killed by a pure solution of JfaCl. The 
toxic* effect of Na can be counterbalanced as Ijoeb has shown by 
sodium c*yauide, a A^ery peculiar effect, whic;h the author tries to 
explain by the inhibitory action of cyanide on the oxidation. 

V. CONDITIONS IN THE ANIMAL FAVOURING OR 
PREVENTING TOXICITY. 

In all cases of poisoning, the state of the animal previous to its 
eating the toxic plant must be taken into account, in cavses of prussic 
acid |>oisouiiig more than in any others. 

Swanson (1921) has sliown that marked alkalinity and marked 
acidity have an inhibiting influence on the production of prussic 
acicl. Tints the paunch which is alkaline and ihe stomach which is 
ac*id will dec*.rease to a considerable extent the production of HCN. 
I have tested HCl in conjunction with pepsine and have found that 
the grasses crushed in a mortar emit more HCN in ordinary water 
than with HOI and pepsine. 

The question of hunger, overstrain, bad health, thiist, drinking 
water before or after eating the toxic grass, should be taken into 
account. The effect of the toxic grass Avill largely depend on what 
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the animal Ixad been eating before. Indeed Peters, Slade and Avery 
(1903) have shown that considerable doses of HCJT can be given to 
an animal without detriment, provided it is also given an adequate 
amount of glucose or milk sugar. As glucose is produced by the 
action of ptyalin on starch, starch food may act as an antidote and 
so may milk. These facts may ae(‘ount for the many erratic results 
one gets in experimenting with these toxic grasses. Starch, milk 
and molasses should therefore be subjected to further tests for their 
value as antidotes or preventives. 

Steyn has shown that sulphur is an excellent preventive against 
prussic acid poisoning (Geilsiekte). Por further distuission of the 
question see Sieyn Toxicology of plants in South Africa (1934). 


VI. EXTERNAL CONDITIONS LEADING TO TOXICITY OF 

THE PLANT. 

Briinnich (1903) in quoting from a lecture by W. C. Quinell, 
gives the following list of conflictng statements and theories . . . 
on the circumstanc^es and conditions under which sorghum is believed 
to become poisonous.’’ 

1. If sorghiim is eaten in an immature condition. 

2. When sorghum grows rapidly after rainfall. 

3. When the plant is stunted by failure of rain or by frost. 

4. When sorghum is attacked by insects d\iring an exception- 

ally dry season. 

5. A poisonous mould or fung\is is supposed to be the medium 

ot poison. 

(i. In some parts of India* the plant is said to he poisonous 
until the rains (monsoons) are over. 

7. The poisoning is attributed to the j>otassium nitrate which, 

under certain circumstances, is precipitated in the stems 
of the plants. 

8. Physiologic changes of gr<mth of the plant owing to 

climatic disturbances, such as want of rain, excess of 
humidity, dtop cloudy weather, or prevalence of ex- 
tremely variable and unnaturally high temi)erature.” 

Bitinnich (1903) in his article, states that these points were 
submitted to an experimental examination. It would be indeed very 
interesting to submit them to such a test. We find, how^ever, very 
little of it in Brtlnnich’s paper. 

In the above list the age of the plant and the soil conditions 
are not mentioned. Briinnich has dealt with them to some extent 
in a later part of his paper. We find further reference to these 
factors in the following summary by Willeman and West (1915) 
which states the case so clearly that I shall give it in extemox — 

Maxwell states that sorghum is not fed with safety until after 
the seeds begin to develop : Briinnich that it should not be fed until 
the seeds are fully matured, Avery says that the amount of hydro- 
cyanic acid is greater in stunted plants, while Alway and Trumbull 
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found that yellow stunted plants contained less of the acid than the 
green, vigorous plants in the same field. Maxwell believes that the 
ajnount of the glycoside is dependent on the character of the soil, 
soils rich in nitrogen producing plants richer in the glycoside. 
Brunnich, in experiments with sodium nitrate in Queensland, found 
that the fertilized plants contained slightly more hydrocyanic acid 
than those unfertilized and concluded that heavy nitrogenous soils 
and favourable climatic conditions increase the amount of the acid, 
iris findings were coiroborated by Alway and Trumbull. Brunnich 
also found that millet (Panicvm mJleareum) beliaved similarly to 
sorglium. S(dirbder and Dammaim in X'^ruguay, reiK)rt an increase 
in j)russic acid due to the use of sodium nitrate as a fertilizer. 
Balfour noticed that plants infected with Aphis sorglii contained 
more hydrocyanic acid than uninfected plants.’^ 

The above remarks have been quoted with the object of shouiug 
Jiow luuch still remains to be done to reach a sound view on the 
conditions affecting the j)russi(* acid content of the grass. 


(a) CmMATE AND SoiL. 

In verifying some of the above statements, Willaman and West 
(1915) found that nitrogen added to a poor soil may slightly increase 
the amount of HCN but that a fertile soil wdth abundajit nitrogen 
will not show aTiy effect on fertilization. 

Pinc kney (1924) “ lias (let<*i mined 1I(.^\ in sorghum plants grow n 
in a greetihouse using three Minnesota soils low in nitrogen content 
and adding sodium nitrate in different amounts. The size of the 
plants, their colour, and prussic acid content were affected by the 
amount of nitrate applied 

Although it is thus demonstrated that the soil has a marked 
effect on the prussic; acid production, which is interesting from an 
ac ademic* point of view, from a prac*tica] ])oint of view the increase 
is not sucdi as to warrant any further in\estigations in that direction. 
As pointed out by Willaman and West (1915) climate is a far more 
imiKirtaiit factor than soil in the produc‘tic)n of detrimental cjuan- 
tities of prussic acid. 

As a drastic* illustration to this fact A\e ma\ mention a case 
described by Dunstan and Henry (1902). These authors quote 
Bonamc* who showed that the dark c*oloured beans of Phascolus 
htnalvs in Mauritiiis yield more prussic acid than the pale ones. 
In Burma the pale buff semi-cultivated beans contain only a trace 
of prussic acid. But that it is not all a question of colour and 
variety is home out by (xiiignard’s investigations, who had obtained 
prussic acid from white beans. He lias also shown that the relation 
of colour to prussic acid yield in wild plants of Java is not so clearly 
marked as in Mauritius. 

Hr. Steyn has informed me orally of a (*ase of Cynodon trans- 
vcuilense, where the plant, growing in moist conditions, yielded no 
prussic acid, whereas the plants growing on a dry ridge showed a 
strong reaction. A similar observation wuis made by Narasimha 
Acharya (1933) on Sorghvm xml gate. 
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Climatic influence on prussic acid production is clearly demon- 
strated, but its effect can not as yet be foretold. 


.( b ) Diuknad and Seasonal Variations. 

Diurnal variations in the production of prussic acid have fre- 
quently been recorded. Ravenna (1907) has found in sorghum an 
increase from morning* to afternoon. Willaman and West (1916) have 
shown that there is a maximum at midday for ihe same plant. Marais 
and Rimington (1934) working on Dimorphotheca cuneata Less, found 
an increase in prussic acid content from early morning to noon, which 
they think ‘‘ suggests a correlation with intense photosynthetic 
activity."' 

Narasimha Acharya (1933) working on Sorphum vvlgare found 
an increase of prussic a(dd production from early morning to about 
2 p.m., after which there is a slight decline till 6 p.m. followed by 
a rapid decline at night. This last author also is of the opinion that 
there is a correlation w^ith photosynthesis. The writer has noticed 
in Eustacltys paapahndes that there is more prussic* acid in the moin- 
ing than in the afternoon. 

Yap (1920) has shown on sugar cane in the Phillipines that the 
photosynthesis of the leaves is more active in the morning than in 
the afternoon. They w’ere most active from 8 to 10 a.m. and then 
there was a decrease from 10 a.m. to 4 p.m. This decrease after 
10 a.m. does not seem to fit in with the above observations, yet one 
may assume that the nitrogen metabolism may lag and reach its 
maximum after the maximum of photosynthesis. 


Much stress has been laid on the age of the plant and various 
workers have found marked differences in the prussic acid production 
as the plant grows older. The stems and leaves have been examined 
separately and it was generally found that the stems contain Icvss 
HCN than the leaves and the leaves contain the acid in various 
degrees according to their situation on the stem. 

Petrie (1913) in a series of grasses in New South Wales has 
tested the prussic acid content throughout the year and his experi- 
ments show the seasonal variations very well, and these, of course, 
are coupled with the age of the plant. Petrie has submitted his 
grasses to three tests, basing them on the assumption that the plant 
may contain the glycoside as well as the ferment, or the glycoside 
alone, or the ferment alone. The tests were carried out as follows : — 

(a) Chloroform test (probably wuth Guignard paper althougb 
not stated). 

(b) Emulsion test, in case ferment is absent and glycoside 
present, 

(c) Amygdalin test, in case ferment is present and glycoside 

is absent. 
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The names are quoted verlnitivi from Petrie, 

-f-a ” 

denotes 

that case a gives positive results, “ 
throughout. Here are a few cases. 

denotes negative 

results 

Andropogoti> lialepeiisis Sibth var. 

Jan, 

Apr, 

Aug. 

N o r , 

mutica Hack 

"f a 

4" a 

4- a 

4“ a 

Ohio r is petraea Sw 

-1* a 

— 

4- a 

4- a 

Cynodoih dactylou Pers. 

-f c . 

4- c 


— 

Cynodon in com pi civs Nees 

+ a 


4- a 

4- a 

Eleusine acqypiiaca Pers 

4- a 

4 a 

— 

4" a 

Elcnsine indira Oaertn 

+ a 

4- a 

— 

+ a 

L<iza n/s ova t us I ii ii n 

. 

4-c 


-fc 

Paspnlvm scrohiculata m Linn. ... 

— 

— 

4-c 

— 

Penisci n m longistyknn Hochst. ... 

+ c 


- 


Invest igatioiiN of tin* kind made 

hy Peti 

ie, establishing the 


exinieiice of eitiu'r olycoside ami feriiipiit or fei'iiieiit alone should be 
encouraged. The ^*rass containinj^ Ihe ferment only may prove 
daiif»*erous ^^h(‘n an animal has l)een eating’ another plant containing* 
glycoside alone. A case of that nature has been desi ribed by Finne- 
more (1J)»1I) \\here z\ciieia Gettrfjinn Jbiiley Fv.m (‘ontaiiiing the 
glycosidase releasetl |)riissic acid from Ercirntphila nutruhitH (‘ontain- 
ing* the glycoside. VV"e ma> one day come across a case where the grass 
supplies tlie ferment and another ])lanl Ihe glycoside. The more we 
know of the existence of the ferment in the ])lant, the better. 


(c) Wii/rjNG. 

Idle liealth of the plant plays an important role in the production 
or disappearance oi prussic acid. Wilting is a slate of bad health and 
in this state grasses often yield relatively great ({uantities of prussic 
acid. Willaman and West (lUlb) have also shown that adeipiate 
water su|)]dy is usuallv ai’comjianied by low, and inadequate, by 
high prussic acid content. The water relation of the jdaiit, in otlier 
words, hydration and dehydration affect the amount of prussic acid 
jiroduced. 

Wilting is an abnormal condition of the plant accompanied by 
a lowered vitality. Permanent wilting* is highly detrimental. The 
process starts by an excess of transiiiration over water supply. The 
interstices bet^^een the cells give up their water first and the air in 
those interstices becomes less and less saturated. This is what 
Livingston and Brown call incipient drying. In heliophilous plants 
there may be an excess of 20-30 per cent, of water content in the 
cells of the leaves. In ombrophilous plants this excess is only 1-3 
per cent. The releasing of the excess water produces a considerable 
shrinking of the cells and the leaves as a whole. The cells then 
lose their turgid ity entirely and the shrinking protoplasm draws the 
cell walls inward. This drawing in of the cell walls reaches a certain 
limit after which the \vall snaps oft' from the protoplasm and causes 
a mechanical injury to the latter. 
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Incipient drying is not a dangerous process and can easily be 
checked by introducing the plant into a moist atmosphere. Perma- 
nent wilting however cannot be immediately checked and reversed 
by bringing it into a moisture saturated atmosphere. The chemical 
changes which the dehydration has produ(»ed are too deep seated to 
be reversed at a short moment’s notice. 

The subtraction of water from the protoplasm is not a pure 
physical process. By the dilution and concentration of the cell con- 
tents, changes in ionisation take place which are gradually compen- 
sated by buffer action. Then certain substances may precipitate at 
high concentration and Jiiany a reaction will take place in the con- 
centrated protoplasm which the less concentrated normal conditions 
would forbid. 

Wilting is accom])anied in the majority of cases by a closing of 
iihe stomata. This closing of the stomata together with the lowered 
vitality of the plant decreases photosynthesis to a considerable ex- 
tent, there will be a lack of sugar and a lack also of oxygen, in other 
words, a decrease of respiratory energy. Mme. Brilliant (1924) has 
shown that when the water content of the leaf falls below 25 per 
cent, an abrupt decrease of photosynthesis is produced, lowering the 
process to about one-quarter of its original value. 

All these facts must be borne in mind when we are trying to 
find a chemical relation between wilting and the enhancement of 
prussic acid which this state j)roduces. We shall refer to this 
question again later on. 


Vil. INTERNAL CONDITIONS OF THE PLANT LEADING 

TO TOXICITY. 

The chemical and energetic processevs within the cell are ex- 
tremely involved and we have arrived only at a broad and summary 
view of the whole mechanism. Several theories have been pro]x»unde(] 
on the question of prussic acid and plant metabolism and the best 
we can do is to explain thost? theories and discuss their* value in the 
light of most recent knowledge. 

{ a ) Theory of Qoris ( 1921 ). 

According to Goris the rfde of the glycoside is to protect the plant 
against toxic effects of certain substances like prussic acid, benzal- 
dehyde, etc. In linking these toxic substances with a sugar the toxic 
effect is eliminated. 

But theie is an extraordinary contradiction between the forma- 
tion of a glycoside for protection purposes and the subsequent 
releasing of the toxic substances by ferments supplied by the plant 
itself. The plants do not only decompose the glycoside when they 
are wilting, thus in an abnormal state, but the diurnal variation of 
the glycoside content shows quite clearly that the sugar and the 
aglycone are drawn into circulation again. 
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The idea of ijrotection in this case is rather far fetched. The 
question whether a plant will make a glycoside is not so much a 
question of utility but a question of chemistry and catalyvsis. The 
fact that the plants containing glycosides also possess ferments to 
split them seems to indicate that the glycosides are storage products, 
whether temporary or for longer i)eriods does not matter. Willaman 
and West (1915) contend that the diurnal variation shows that the 
glycoside in grasses is not a storage pro<luct. But the definition of 
a storage pioduct is not so much l)ase(l on Ihe time for which the 
jnoduct is kept, but rather on the fact that an excess has been set 
aside for the time being. The rapid reintroduction of a storage 
product into circulation does not do away with the fact that it has 
been kepi out of circ ulation. 

Ilobinson (19;10) lias discussed this question too and shown some 
of its fallacies. 


(b) TiiEoay oE (lArTiKu. 

(Tautier in 1872 c*ontended that free nitric ac‘i(l under the 
influence of formaldehyde ]m)cluc'es HTN, COj and IlgO. The juussic 
acid was then sup])osccl to enter into long c'hains with formaldehyde 
from which (xauticr derived his protein luolecnile. 

Menaul (1920) has given this tlieory a test in the following 
way : — 

Six flasks ea<*Ii containing 400 (*.c. of water saturated with 
carbon dioxide, 2 cm*, of 40 ])er cent, formaldehyde and 1 gr. of 
potassium nitrate were tested as follows: 

1. Two flasks were made alkaline to jdienolphthalein with 

sodium earbouate. 

2. '*'wo were made alkaline to methylorange but acid to 

pheiiolphthalein. 

d. Twa) flasks were made acid to methylorange. 

The flasks were stoppered ami jilaced in sunlight for one month. 

llesults were as follows: — 

No. 1: No JICN. 

No. 2: A trace of HCN. 

No. ti: () ing. of HC'N. 

“ These results/’ says Menaul, “ when considered in connection 
with the fact that the sap of the plant is slightly acid and that the 
nitrate and formaldehyde are present indicate that prussic acid may 
be formed in plants by the action of formaldehyde on nitrates 

It is a pity that Menaul has not made a control in complete dark- 
ness and that he has not extended the experiment to other organic 
acids and other aldehydes. Latham in 1886 also attacheci a great 
importance to cyanogenetic radicals in the synthesis of animal pro- 
teins. 
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(c) Theory of Meyer and Schulze, 1884. 

Meyer and Schulze supposed that nitric acid through reduction, 
and that ammonia by oxidation may lead to hydroxylamine. 

NO3H— 

Hydroxylamine in (xnubining with aldehydes and ketones would 
form aldoximes. 

NH 3 OH + HCOH— - NOH. 

These aldoximes and ketoximes were finally supposed to lead to 
an amino-grou}). 

The theory does not make any statemeiit about prussic acid. 
We are referring to it here because Bach based his theory on these 
considerations. 


(d) Theory of Bach (1897). 

Bach has carried the idea of Meyer and Schulze a step further. 
The nitrates are supposed to produce a (*ertain amount of free nitric 
acid under the influence of organic acids. Nitric acid in the pre- 
sence of formaldehyde would produce hydroxylamine. This, in 
agreement with Meyer and Schulze, would lead to fonnaldoxime. 

The latter may then undergo transformation into the isomeric 
formamide. Formamido finally may undergo deliydration and yield 
prussic acid and water 

HOCNH 3 — ^HCN + n^o. 

This represents the dehydration theory of Bach. That this re- 
action can take place had alreadj’^ Ijeen shown by Scholl in 1891. 

Thus supposing formamide is formed in the plan!, dehydration 
by wilting would lead to the formation of prussic acid. The theories 
of Gautier, Meyer and Schulze, and Bach would also account for 
the increase of prussic acid through an exccvss of nitrates in the soil 
and in the plant. 

{e) Theory of Treub (1907). 

The theory of Treub is much more likely to be of some value 
because it is held in general terms and does not attempt to describe 
the details of the process. Gautier has already expressed the idea 
that prussic acid is an intermediate step to the proteins. He has 
spoilt his claim to priority in a way, by putting forward too precise 
an idea of how he thought this process could be brought about. As 
these supposed reactions were purely inventions based on scanty facts 
the otherwise excellent idea of HCN being a step towards the proteins, 
was spoilt. 

Treub resting within the general idea of Gautier tried to show 
by experiments that there is much to be said in favour of it. His 
principal arguments, based on observations made on Pangium ednlc, 
Pha^eolus lunatus, Indigofera, Aloca&ia are the following: — 

1 . The presence of free and bound prussic acid tends to show 
that it is involved in metabolism, 
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2. The amount of HCN increases with the activities of the 
leaf. 

, 3. In Alocasia macrorrhiza the production of HCN is limited 
to the green parts, w^hich means that in those parts the 
nitrogen metabolism is highest, 

4. In old leaves the HCN piodiiction is reduced as the meta- 
bolism is leduced. 

y Before the leaves are shed they are usually free of 
HCN. 

Treul) has also suggested a modification of Gautier\s theory. 
According to Treub the production ol prussic acid is not directly 
dependent on energy derived from light, but is influenced by the 
quantity of sugar present. Tlie reduction of nitric acid would be 
brought about by the sugar. 

(/) Ortections to the Theory of Treitb. 

Jtosenthaler (1922) has tested the theory of Treub by some 
experiments uhich were guided by the idea that if HCN is an 
intermediary product in j)lant metabolism it should be present in all 
])laiits. To prevent any sour(‘e of erroi Kosenthale]' has not used 
maceration for this experiment. He expelled prussic acid by a 
current of air after mincing the plant material. (The mincing may 
be a source of error.) 

Out of (SO ])laiits tested in such a way, 50 positively sIiowtmI 
prussic*, acid. Boscnthaler rightly remarks that this fact in itself 
altliough favourable to the hypollcesis of Treub, may not be consi- 
dered as a definite ])roof because it does not show liow prussic* acid is 
])roduc*ed and whether it is a produ(*t of synthesis or cleccun position. 

In Older to obtain some more information on this point Rosen- 
t haler injected an amino ac*id into sorghum. There is a definite 
stereochemical resemblanc;e bcdweeii phenylalanin and benzaldehyde- 
cyaiihyclriii, tyros in and p-oxybenzalclehyde-cyaiihydrin, valin and 
acietonecyanhydrin. It is also knouii that HCN c*an be obtained by 
the oxidation of amino acids. 

Rosen thaler used ty rosin for his injection. If the idea of Treub 
is correct, he says, then the injection of tyrosin should induce a 
decrease in ])russic ac*id. Sor</lnfW‘ nitjrunh was injected and showed 
a definite increase in HCN. 

It may be recalled here that Ravenna and Zamorani (1910) 
have tested an injp(‘tioii of asparagin into Sorghum and found a 
decrease of HCN. 

Rosenthaler’s postulate that tyrosin should decrease the prussic 
acid content, because this amino acid resembles p-oxybenzaldehyde- 
cyanhydrin, rests on a very slender basis. 

As a matter of fact we may a priori even expect the reverse, 
viz. than an excess of tyrosin will be transformed into p-oxybenzal- 
dehyde-cyanhydrin and thereby increase the HCN content. But the 
processes involved when making a violent interference such as an 
injection, are so intricate that our conclusions are but wild guesses. 
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llosentlialer’H experiments are neither for or against Treub’s 
hypothesis and admit of hardly any conclusion. 

Oppenheimer (1925) and Stekelenburg (1931) are against Rosen- 
thaler’s conclusions. 

Stekelenburg* (1931) has made a series of experiments with a 
view to verifying the hypothesis of Treub. He has examined 
Pangium edvle^ PJiaseolus lunattca, Primus pud us and Prmms 
lanrocerasus. Stems, leaves, seeds and seedlings were submitted to 
a test. The method used for determination of IlCN was that of 
Verschalfelt, with a temperature of CO® C. and maceration during 
20-22 houjs. The method seems open to criticism. 

It would seem that Stekelenburg lias drawn a series of rather 
sweeping conclusions from his experiments. We shall discuss their 
value partly here and partly under the heading of facts in favour 
of the theory of Treub. 

Germination of Phaseolvs lunatus: during germination the 
amount of HCN increases in the plant and then, as the cotyledons 
shrink, it decreases. 

Stekelenburg concludes fxxim this experiment that tlie cyano- 
genetic* glycosides function as carbohydrate reserves. The releasing 
of HCJf is not necessary because in his opinion the plant is drawing 
enough nitrogen from the soil. He pointwS to the fact that Ravenna 
has found the same phenomena of im^rease followed by a decrease* 
on a soil devoid of nitiogen. According to Stekelenburg the experi- 
ment w^ould prove that IICN is derived horn some organic compound. 

But the experiment does not warrant any siudi far-reaching con- 
clusions and can be well interpreted in favour of Treub’s hypothesis. 

Buds and stems of Prunvs p<idus and Primus lav race rasus. The 
prussic acid content was me-asured before budding and then after, 
on cut twugs kept in the dark, cut twigs kept in light and on tw^igs 
still attached to the plant in light. 

In Prunus parJus the HCN of the stems remains practicjally con- 
stant. There is an increase of HCN in the buds under most of the 
above-mentioned conditions. In Primus Lav rare ras:us the etiolated 
buds (cut twig in the dark) showed a decrease, while the others mani- 
fested an increase. 

The constancy of the HCN in the twigs and the increase in the 
buds tend to show that there is no inigTation of the acid. The facts 
do not in themselves support the idea w’hich Stekelenburg here again 
emphasizes that cyanogenetic glycosids are storage products. In one 
case darkening had no effect and HCN increased, in the other it had 
an effect and decreased the prussic acid content. 

Leaves, 

During the day Prunus laurocerasus increases its HCN and 
maintains it constant during the night. There is no migration. The 
decrease starts in the dark, after the starch has disappeared. Leaves 
floating in 1 per cent, glucose sol. increase their HCN, whereas in 
pure water there is a decrease. 
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These results a^^airi are nut in themselves of any sui)port to the 
theory of reserves. 

The more important fact which arises out of these experiments 
is that HCN incireases when no nitrogen is offered to the plants. 
Yet the experiments are not of a ronclusive characder because the 
author has overlooked the possibility that the leaves may contain a 
considerable reserve of nitrates and they need very little to keep 
alive. 

The influence of nitrates was tested in the following* way. Leaves 
were floated on 01 i)er cent, nitrate vsolution and showed a decrease 
of HCN. When glutose was added an increase was noted equal to 
the imuease above when the siig*ar was given alone. A 1 per cent. 
as])aragin solution showed a decrease but in conjunction with sug*ar 
showed a juarked increase. The author concludes that nitrates are 
not necessary for an increased IK-Jf production. This conclusion 
meets with the same objection as above. If the plant contains enough 
nitrates in reserve, an excess will only be detrimental. The 
administering of sugar may have another effect. The effect of 
asparagine is still mysterious and no comlusion can be drawn from it. 

Stekelenburg concludes from his ex})eriment that HCN is not the 
first visible assimilation product of nitrogen, that therefore the hypo- 
thesis of Treul) is erroneous. He further (‘ontends tliat HCN is a 
by-product derived from higher nitrogen compounds and has no 
imjmrtance in the N -metabolism. Transport of HCN does not take 
place. HCN may have a certain value as nitrogen reserve. 

While we agree that the cyanogenetic glycosides are temporary 
storage products, Ave cannot subscrilie to the author’s conclusions with 
resfiecd to the theory of Treub. The ex]»erimejits in themselves, though 
a valuable contribution, do not carry that element of (^onvietion, nor 
are they to the point. They simply do not permit of any definite 
conclusion with respect to the liypotliesis of Treub and may, as we 
uill show, just as well be nsed t(» (‘onfirm it. 

((]) Facts in Favocr of the Theory of TitETm. 

(freshofl’, Ravenna, Dunstan and Henry, Oppenheimer and many 
others are in favour of the Theory of Treub. 

To Greshoff’s mind (190G) the Avide distribution of prussic acid 
throughout the plant Avorld, in a large number of families, is an 
indication of the importance of the acid in those cases where it is 
linked Avith acetone (acetone-eyanhydrin) ; it may possibly be an inter- 
mediate product in protein synthesis, in such plants as J^anginm 
edule, JAmiw vsitatissittmni, and Phaseolus lunaMs, He thinks, 
however, that in such eases where the acid is linked with benzalde- 
hyde such importance may possibly not be atta(‘hed to it. But it 
is difficult to see Avhy in the one (*ase prinssic acid sliould be part of 
metabolism and why in the other it should not. The combination 
vvdiich the excess prussic acid Avill undergo, depends on whether 
benzaldehyde or acetone is present and these products are in them- 
selves no indications of the purpose for which the acid is produced, 
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Eavenna (1912) also accepts the theory of Treub and thinks that 
HCN is a sta^e from nitrates over the amines to proeteins. He 
thought that this idea was strengthened by the fact that asparagin 
injected into the plant decreases the amount of HCN. But Czapek 
points out that aromatic substances pioduce the same decrease so 
that this argument is of as little value as the one forwarded by 
Eosenthaler for the opposite effects. 

Ravenna (1912) also i)ointed out the fact of diurnal variation 
and thinks that prussic acid is pioduced by nitrates and carbohy- 
drates in the presence of light. He also wshowed that the maximum 
prussic a(‘id is pioduced in the leaves. 

The diurnal variations in the prussic acid content of grasses is 
a striking fact which speaks in favour of Treub’s theory. These 
rapid variations show that the excess acid is temporaiily stored away 
and very rapidly also brought back into circulation. The theory 
is also supported by observations made in the shade and in the sun. 
Dr. 1). G. Steyn has informed me orally that at 8 a.m. Cynodon 
transvaalenae showed a high prussic, acid content in the sun and a 
few yards away, in the shade showed none. Here evidently the 
higher activity in the sun will naturally prodme an excess. 

The increase of HCN by an abundant supply of nitrogen ferti- 
lizers also is in favour of Treub’s theory. 

We may also derive some arguments in favour of the thcor.\ 
from our consideration on wilting. By the lowered photosynthesis 
and the lowered supply of energy for the endotherini(* processes, tlie 
creation of new proteins will be very slow. Supfiosing this hwercMl 
energy supply does not affect the intermediate prodiuds as much as 
it does the end products, wilting would iiievitahly produce an excess 
of prussic acid if this substance is involved in the metabolit* process., 
Henrici (1920) has considered this as a possible explanation too. 

On the other hand we may, under normal (drcumstaiices, in- 
crease prussic acid if by an excess supply of nitrates we increase the 
rate of production of the intermediate products. 

The process could be summarised as follows on the basis of 
Treub’s idea. 

1. NoTTnal Process. 

Nitrates HCN ^ i proteins 

Photosynthesis Sugar \ Respiratory 

Respiration Oxygen, f Energy 

2. Wilting. 

Decrease of respiratory energy; decrease of protein synthesis 
therefore excess prussic acid through accumulation of intermediary 
products. 

3. Normal energy supply hut excessive swpply of nitrates. 

Result excess HCN. 

4* Excessive activity in the sun, 
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General increase of activity, increased transpiration, increased 
circulation. If the increase in circulation is higher than the in- 
creased protein synthesis, the case would correspond again to No. 2 
or No. 3, accumulation of intermediary products. 

Apart from the facts that Treub himself has pointed out, we 
may draw some arguments in his favour from the experiments of 
Stekelenburg ( 1 931) . 

Seedlings and buds are hnowti for their very high activity ; thus 
naturally one would exi)eci a high prussic acid content. It would 
be rather strange if those two would produce HCN and sugar for 
slorage products. The facts seem to point rather in the other direc- 
tion that an excess of sugar and HCN produced during high activity, 
meet and forcibly have to combine to form the temporary glycoside. 

That darkening of the buds has no effect can be expected because 
these organs generally carry an excess of sugars and other nutrient 
substances, so that the lessening of })hotosynthesis will not aft'ecd 
them so much. In Pru/iux hiurorrntju/s the darkening of the buds 
had a decreasing effect in Stekeleiibuig’s experiments, so that all 
depends on the amount of reserves they contain. 

The darkening effect on adult leaves is very marked, as can he 
expected, l)ecause they have very little reserves and are dependent 
on direct ])hotosynthesis. As Stekeleiiburg points out the decreavse 
in the dark starts when all the starch is used up, that means when 
the respiratory energy goes down. This is borne out by the experi- 
ment where leaves are floating on 1 per (*eut. glucose solution. The 
sugar here is taken in, not for the purpose of storing it, but for 
respiration and synthesis. An excess may yot be stored. But the 
abundance of sugar enhances res])iration and thus the general activity 
of the plant. 

That the nitrates do not produce an increase of HCN when 
offered to the leaves proves nothing. The leaves may conlain an 
excess of nitrates already and offering them more will not help. 

All experiments of Stekeleiiburg tend to show that active photo- 
synthesis is cou]ded with high prussic acid content, confirming thus 
other experiments on the same factors. 

Taking into account all facts, even those of Bosent haler showing 
how widespread II(!N production is in plants, we would feel inclined 
to grant the hypothesis of Treub, the title of a good working hypo- 
thesis. 

This does not wholly do away with the jxissibility of creating 
prussic acid by other means, su(‘h as those described by the theory 
of Bach or shown by the experiments of Plummer (1904) who 
obtained prussic acid by oxidation of albumins. A slander (1928) has 
shown that cyanides decompose rapidly in the soil and he ascribed 
the action to micro-organisms. Emerson [quoted from Oppek 
(1922)] has discovered that Bac. pyocyaneus digests proteins in an 
acid medium wuth the production of HCN. 
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VIII. EFFECT OF FREE PRUSSIC ACID ON THE PLANT. 

' The detrimental effect of prussic acid on the respiration of an 
animal is well known. It is ever so much more amazing that the 
abundance of thai acid in plants does not seem to be injurious to 
plant cells. 

In conjunction with the queslion of respiration and the effect 
of HCN, we should briefly recall (he two theories which have a 
bearing on the question. 

The theory of Warburg centres around the activation of oxygen 
which to his mind is done with the help of iron. The iron, a(‘(‘ording 
to this theory, in passing from a lower to a higher valency w’ould 
be capable of producing peroxides of ever higher oxidising j)ower. 
In this theory the inactivation of respiration by IICN \vould be 
explained in assuming an inactivation of the iron (ferri-form) by the 
prussi<^ acid. If it were so, the plant does not seem to suffer much 
from such inactivation, whereas the animal is killed very rapidly. 

According to (he idea of Wieland, oxygen does not need to be 
activated. His theory centres around the activation of hydrogen 
brought about by dehydi’ogenation. Altbough for tlie chemist and 
with respect to the end products, direct oxidation is ec[ni valent to 
dehydrogenation, yet for the organism they are not the same because 
different means are needed to bring them about. However excelbmt 
(he idea of dehydrogenation may be, Wieland is at a loss to exjdain 
the inactivation of respiration by HCN. He tried to escape the 
difficulty by saying that prussic acid attacks the catalase and that 
the organism thus suffers from an excess of peroxides. The argument, 
however, is very w^eak. 

In considering the cousiderahle quantities of j)russic acid pro- 
duced, one wonders why the respiration of the i)lant is not impaired. 
The sorghums never seem to be free of the acid; if it is a part of 
the ordinary lueiaboliHUi the plant organism can never be devoid of 
it. Some plants emit the a<dd freely, they live in an atmosphere 
constantly containing prust+ic acid, like Srrlviii oleander, and yet 
do not seem to suffer. 

Yet a certain excess may still be harmful. Brinley (1927) has 
tested the effect of HCN on living cells. The acid seems to enter 
the cell as a molecule and not as an ion, although in water it dis- 
sociates to a slight degree. The rate of recovery of Elodsa ('ells after 
having been placed in a dilute solution of HCN is a linear relation. 
The toxicity of HCN to the root hairs of results in a 

uniform curve, suggesting a unimolecular reaction. HCN seems to 
increase the permeahility of the cell membrane. (Quoted from Biol, 
Abstracts J930, No. 7279.) 

Hassebrauk (1928) has tested the effect of HCN on the maturity 
of seeds, among other plants also Da^ctylis glomerata and Anthoxan-^ 
thum o^rahim. The seeds were gassed wnth HON and the effect 
proved favourable to after ripening and germination (quoted from 
Biol. Abstrairts 1929, No. 17940^ 
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Borescli (1929) undertook experiments to test whether the pre- 
sence of HCN was related to the dormancy of the buds and to the 
breaking of their rest periods. Tfo broad relationship was found, 
but “ yes would answ^er the question better than “ no (Quoted 
from Biol, Abstracts 1932, No. 6590.) 

Cotte (1914) has shown how* different plants vary in their sensi- 
tiviiy to HCN. This author tested Tritianvi, Trojjaeoluvv minor and 
liicinm communis. For the experiment tlie plants were kept in an 
airtight compartment of 0-64 cuni(* meters. These are his results: — 

(S gr. IICN acting* during 1 hour: Triticum not affected. 

Tlicinus not affected. 

Tropaeoluiu not affected. 

JO gr. acting during 1 hour; Triticum slightly affected 

but surviving. 

Bicinus slightly affected 
but surviving. 

Trapaeolum no effect. 

15 gr. IION acting during 1 hour: Triticum strongly affected, 

some dead after 27 days. 

Bicinus strongly affected, 
some plants killed. 

3h*opaeolum slightly 
al¥e(‘ted. 

25 gr. nCN acting (Turing 1 hour : Triticum completely do- 
st royed. 

Bicinus completely de- 

stroyed. 

T]*o I m eolum slight 1 y 
affected but recovered. 

25 gr. HCX acting during 2 hours: Triticum ((unpletely de- 

stroyed. 

JTicinus c(>m})1etely de- 

stroyed. 

Tropaeolum injured but 

survives and flow^ers. 

Tro])aeolunj shows thus a very high resistance towards the effect 
of ])russic a(‘id. Triticum and Bicinu^ are less resistant but the 
doses they can stand are still amazing. 

No correlation could be established between antho(*yan and 
])russic acid. It seeniH, however, according to my own experiments, 
that those parts of the leaves containing anthocyan jiioduce more 
prussic acid than Ihe green parts of the same leaf. The remarks of 
Henri ci on this point are not quite (dear. 

IX. PRUSSIC ACID IN GLYCOSIDIC OR NON CLYCOSIDIC 

FORM. 

'Willaman (1917) thinks that prussic acid exists in a glycosidic 
and a non-glycosidic form. Dowell (19J9) contends that his experi- 
ments do not show’ the ])resence of the non-glyc(>sidi(‘ HCN. But 
Willaman may he right w'ith the restricttion that the non-glycosidic 
form (iannot last very long and if there is enough sugar present the 
glycoside will be immediately^ created. 
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Narasimha Anharya (1933) tlainks that there are at least three 
forms in which prussic acid is present: — 

1. Free prussic acid formed by enzymic hydrolysis of 

labile prussic acid, destroyed by 10 per cent, sulphuric 
acid and steaming. 

2. Labile prussic acid ’’ liberated by simple steaming. 
Destroyed by 10 per cent, sulphuric acid. 

3. Bound prussic acid liberated by enzymic action, 
destroyed by heating and 10 per cent, sulphuric acid. 

This is an interesting point which wwild deserve further inves- 
tigation especially in view of throwing some light on the theories of 
prussic acid production as an intermediary stage of plant metabolism. 

The glycosides so far isolated from grasses are amygdalin and 
dhurrin. (Dunstau and Henry 1902.) 

The chemical composition of dhurrin is as follows: — 

OH-/ i-CN 

\ — / o-<;h..o. 


It will be useful to compare it with the well known amygdalin. 



-CN 

-C»H..O.. 


There is an extremely close resemblance between the two sub- 
stances. The main difference lies in the sugars, dhurrin being 
coupled with a monosaccharid while amygdalin is linked up with a 
disaccharid. Moreover, dhurrin possesses a hydroxyl in l^ara- 
position. 

The effects of acids, emulsm and alkalis on dhurrin are the 
following: — 

1. Hydrolysis by acids and emulsin: 

/ — V ^ 

OH ^ HCN 4- Cb 


2. Hydrolysis by alkalis: 


H 

OH -( >-C ~COOH-»*NH, 

' ' 

producing dhurrinic acid and ammonia. 
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Considerinj? the first fact, one would assume that HCl must 
forcibly increase the liberation of prussic acid. But as Swanson 
p921) and the writer have found, the reverse is the case, HCl has an 
inhibitiu^ 4 ‘ influence when acting: on the plant. This may be due 
to an efVec.t on the ferment; the case needs some closer investigation. 
The influence of alkalis on the plant tends also to diminish the HCN. 
This may also be due to a direct effect on the ferment which wwks 
at i)H 4 (i, or to the above hydrolysis by alkalis. 

Thus these two reactions need some more careful investigations, 
when considering the eft‘e(*t of the alkalinity in the ])aunch and the 
acidity in the stomach. 

Judging from the link between the nitrile - CN and the rest 
of the molecule, one would prwn admit that the ferment uhich is 
capable of splilting off HCN from amygdalin will be capable of 
doing so also from dhurrin. This has been amply verified. Yet it 
should not be overlooked that the presenc*e of the hydroxyl in 
dhurrin may, undei* ceitain circumstances, render the action of 
emulsin ditficuill, if not im]) 08 sible. 

The ferment ihat is cai)a])le of splitting amygdalin into its com- 
poiienls is the well-known emulsin. It should be re(*alled at this 
juncture that emulsin is by no means a pure feiuient and is composed 
of a series ot components which are difficult to isolate. Its first 
co?nj)onent is an amygdaluvse \\hith splits the disacc^haride (called 
aiuygdalose) into glucose and d-benzaldehyde-cyanhydrin-/J-glucoside ; 
the latter substance is prunasiu. The fiisl component of emulsin will 
not come into action lc»r (Ihurrin, because as stated it only possesses 
a inonosaccharid and (*,ould he called an oxy-juunasin. 

The secfunl com])onent of f^nuilsm, a prunase, splits off glucose 
from prunasin and will jirobably do the same for oxy-])runasin with 
the restiiction mentioned above. 

The third jihase of fermentation is supposed to he pel formed by 
ail oxyjiitrilase which would split oif IK-N from the cyanhydrin. 
The question how this oxyinfrilase acts and whether it is a real 
ferment or not is not as yet settled, the reader will find a detailed 
discussion of the question in Oppenheimer: “ Die Fermente.^' 

The nature of the ferment ipesent in the grasses whitdi is capable 
of splitting dhurrin, has not received enough attention. Is this 
dhurrase in any way similar to emulsin in that it is a mixture of 
prunase, oxynitrilase and other ferments:^ If it were only an oxy- 
nitrilase its ferment nature may he doubted on the same grounds as 
that of the same component of emulsin. Attempts should he made 
to isolate this ferment and investigate it in all fermentative 
activities. There is no doubt of the existence of this ferment. In 
most cases, to obtain HCN, the leaves need just to be crushed or 
treated with chloroform vapour, so that ferment and glycoside may 
diffuse and react. Dunstan and Henry (1902) say that provisionally 
the ferment of Sorghvtn vulgare can he considered identical with 
emulsin. 
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X. PRUSSIC ACID AS AN ORGANIC COMPOUND. 

Prussic acid is a tautomeric substance which occurs in two forms. 

H~C^N and H-N=C 

When replacing the hydrogen in these two isomers by organic 
radicals we obtain from the first, the nitriles, and from the second 
the isonitriles. The latter seem to be much more toxic than the 
former. 

The salts of the acid ore generally a mixture of both isomers 
and are difficult to separate. 

By hydrolysis the nitriles lead to an organic acid, R - COOII 
and the isonitriles to an amine R-NHa- A mixture of these two 
derivatives of prussic acid has thus already an am])hoteric character. 

We may possibly have a clue here to the second toxic substance 
which accompanies prussic acid, to which we have alluded, in the 
beginning. If prussic; acid and its derivatives are in some way linked 
up Avith the protein metabolism it is very likely that hotli nitriles 
and isonitriles will be produced. They have both been found in 
plants. One of them only seems to form the glyc oside, viz. the nitrile. 
The isonitriles may thus form a series of toxic substam es which are 
not all dete(‘ted by our prussic acid tests. This point, therefore, 
deserves serious investigation. 

Some of the properties of i)russie acid may interest us here witli 
respect to precautions to he taken during extraction. 

An aqueous solution of HCN is unstable and leads to ammonitun 
formate. The pure acid is rapidly de<*ompoaed by concentrated H Cl, 
with production of formic acid and ammonium chloride. 

The first fact should be borne in' mind when keeping a solution 
of HCN after extraction. The second is important with respect to 
the influence of HCl on the production of prussic acid by Ihe plant. 
Although the concentration of llCl used in our investigations is 
very low, yet the decomposition of HCN may not he negligible. 
The influence of hydrochloric acid on the i)ru8sic acid i)rodu(‘tion 
seems to be very complex. Although it is capalde of hydrolysing 
dhurrin, its probable influence on the ferment and its* direct effects 
on prussic acid itself, decrease the production of HCN to a very 
large extent. 

The salts of prussic; acid umlergo decomposition Avhen boiled in 
an aqueous solution. They produce a formate and ammonia. This 
fact should also be taken into consideration in all quantitative ex- 
tractions. 


XI. EXPERIMENTS. 

All investigations described below have been made with the help 
of Guignard paper. This paper is prepared as follow^s: — 

5 grams of sodium carbonate and 0*5 gr. of picric acid 
are dissolved in 100 c.c. of water. Strips of filter paper are 
dipped in this solution and then air dried. When the atrips 
are still dainj) they are introduced into a well stoppered test 
tube. The test should always be made with a slightly damp 
paper. 
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The above test is a qualitative reaction and ^ives no information 
as to the ori«*in and actual quantity of the HCK liberated. It may, 
however, be considered, to a certain extent, as a qtiantitative test 
when we obsej ve the decree of darkening of ihe paper and the time 
it lakes to reach a certain shade. 

(a) J]XPEHIAIENTS ON Sorf/hnm verticilhfloruin. 

1. Ijeaves not cruslied + chloioforin — very rapid reaction, the 

Gui^nard pai)ev turns violet within 7 minutes. 

2. Leaves nof crushed without chloroform — no sign of prussic acid 

even after 24 hours. 

These two experiments distinctly })oint to a fermentative 
process and show that in this (‘ase, at that parti(‘ular instant, 
all jH ussic a<*id was g’lycosidic. 

d. Crushed leaves, without chloroform — paper turned more brown 
than violet, but darkens just as much as No. 1, though slower. 

The crushing brings the glyc'oside and the ferment together. 

4. (hmshed leaves 4- IKU (O IN IICI added just to cover the 
crushed leaves)- ])ositive reaction but weaker than No. f3. 

At C there is an imuease in the production of HCN. 
Probabl.\ this temi^erature drives out a certain amount which 
was dissolved. 

This confirms the findings of other authors on ihe inhi- 
bitory effect of 11 (U on the prussic acid production. 

o. Lncrushed leaves + IICl — ((MN HCl added just to (‘ovei* the 
leaves) — no sign oi ])russic a(‘id aftei* 24 hours. 

Heating to 39° does not help. 

This is rafhei* strange in view of the faet that dhurrin 
can he hydrolysed by JlCl. 

(). Uase of stem (containing much anthocyan) -f chloroform — strong 
positive reaction within 7 minutes. 

7. Ibise of stem crushed, wdtlioiit chloroform — slight sign of prussic 
acid after 4 hours; stronger after 24 hours, but not as strong 
ns No. (>. 

The (‘rushing in this case does not seem to bring tlie 
glycoside and the ferment so intimately int(» contact as chlort^- 
form does by atfecting the permeability. The crushing may 
bring about a .series of reactions, which hamper the fermen- 
tation of the gly(‘Oside. 

8. Old stems + chloroform — positive but very w'eak even after 24 

hours. 

9. Ilunners + chloroform— positive but very w’eak even after 24 

hours. 

10. Runners crushed, without chloroform — positive hut very weak 
even after 24 hours. 
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11 . Leaves that have been lying on the table for 1 ^ hours tested again 

with chloroform — very strong reaction. 

12. Hay, — Six open tubes containing fresh grass with Guignard 

paper (no chloix)forin) were introduced into a desiccator con- 
taining H 2 SO 4 cone. This is a rapid hay production. The gTass 
was tested after 2 days. The Guignard paper was only 
slightly tinted by escaping prussic acid. This shows that the 
process of drying does not in all eases result in an emission 
of prussic acid, although by transformation of HCN into other 
substances it may result in a loss. 

The tubes were tested by heating to 52® C with the follow- 
ing liquids (leaves partly immersed): — 

(а) 1 tube dry grass -f dilute HCl — strong positive. 

( б ) 1 tube dry grass -f dilute ammonia — strong positive, 
(c) 1 tube dry grass -h distilled water — strong |)ositive. 

The hay thus contains a considerable amount of prussic 
acid, the liberation of which under these i)articular (*onditions 
does not seem to be hampered by ac idity or alkalinity. 

Hay from the same plant was retested 5 months later, but 
no longer show’ed signs of prussic' acid. 

(h) Experiments on E'u,s*t(ichys p^ispaloides. 

Four tins each conlainiiig a plant of Eustfudiy,s pa^spaJoidcs were 
brought to my laboialory. The leaves were immediately tested and 
show^ed strong production cjf prussic acid. Four days later there 
was no longer any sign of prussic acid. As the plants had been 
transj)laiited they w^ere very weak and probably used u]> their ])russic 
acid in urgent metabolism. 

The following tests were made on the grass: — 

1. Spikelet. 

(a) With chloroform — no sign of prussic*, acid. 

(b) Without chloroform — no sign of prussic acid. 

2. Leaves. 

(a) With cdiloroform — strong produc tion of prussic* acid. 

(h) Without chloroform (21® C) — no sign of prussic acid. 

Here again there seems to be no non-glycosidic* prussic 
acid. 

The experiments with higher temperatures were made 
in the following way : The grass blades were cMxt to the 
length of G cm. and introduced into an 8 cm. test tube. At 
the bottom of the tube 0*5 cm. of water were placed and a 
Guignard paper was suspended inside by the help of the 
stoixper. This test tube was then immersed in a water bath 
of the requiied temperature. 

(c) Without (ihloroform 45® C. — no si^n of prui^sic acid after 2 

hours. The tubes were left overnight at ordinary tempera- 
ture. In the morning after 18 hours the paper was dark 
brown from the liberation of prussic', acid. 
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{d) Without chloroform at 70^ C., (iuignard paper turns brown 
after 5 minutes. This high temperature seems to have much 
the same effect as chloroform on permeability. If the plants, 
having remained at HP C. for some minutes, are tested with 
chloroform at ordinary temperature, there is no production 
of prussic acid. Most probably Ihe ferment has been killed 
at HP C. 

(e) Without chloroform 59^ C. This is probably the tempera- 
ture of wilting grass on a hot day. The grass kept at 59^ C. 
for 10 minutes shows a strong production of prussic acid. 
If the same grass is again tested at ordinary temperature 
with chloroform, there is no sign of prussic acid. But after 
10 hours there is a slight recovery. The ferment still seems 
to be injiued but not to the same extent as at 70^ C. 

Sterna. 

Tested witli chloroform — no sign of ])russic acid even after 4(S 
hours. 


A normal soluiion of TKU does not i>roduce any j)russic acid on 
uncrnshed leaves after 2 hours a1 ordinary 1emj)eratiire. 

If old plants devoid of II(3N are cut down and left to grow, the 
young leaves show IfCX again. 

The i)arts of the leaves containing anthoctyaii show a stronger 
j)ro<luction of prussic acid than the purely green parts of the same 
leaves. 

Leaves (ollected in ihe morning ^noduce more HC^ than those 
collected in the afternoon. This confirms the observations of many 
other investigators. 

//a/y Production , — Four tubes with fresh leaves were kept in a 
desiccator over sulphuric acid. A strij) of (juignard paper w^as 
introiluced into each tube. There was no sign of prussic acid during 
drying. The tubes w’ere kept 4 days under these (‘onditions. After 
that the following tests were made: — 

1. The hay was moistened and heated to 70® (b in a water 

bath. Strong reaction of prussic acid. 

2. The hay plus 1 per cent. HCl acid covering 1 cm. of the 

base of the 0 cm. leaves left at ordinary temperature. A 
slight but very distinct amount of prussic acid is pro- 
duced within 24 hours. 

3. The hay plus 1 per cent. HCl heated to 70® C. produces 

a slight amount of prussic acid. 

Here we have the inhibiting effect of HCl again in 
a very marked degree. 

4. Hay alone heated dry io 70® C. No sign of prussic acid. 

After addition of a few drops of water at that tempera- 
ture the Ouignard paper immediately showed the reaction. 
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The leaves of Eustachys paspaloides were squashed in a mortar 
and pounded with sand in order to break them up* They were then 
treated with standard acetate pH 4*6 which is the optimum pH for 
emulsin. 

Emulsin was extracted from almonds, 

1. The crushed leaves -f standard acetate in a test tube showed no 
signs of prussic acid. 

2. The crushed leaves + standard acetate + emulsin showed strong 
signs of prussic acid. 

The exj)eriment with emulsion is often deceptive because the 
ferment is a paste which does not allow the gas to escape so easily. 

Crushed leaves (without standard acetate) were tested with HCl 
and pepsin. This was made to reproduce the condilions in the 
animaPs stomach. 

1. (Crushed leaves without chloroform — showed signs of prussi(? 
acid after 10 minutes. 

2. Crushed leaves with chloroform — strong production of prussic 
acid. 

3. Crushed leaves -f 1 / 1000 HCl (acid just covering the leaves) — 
no sign of HCN at 18^ C., but distinct sign at 36® C. 

4. Crushed leaves plus 1/1000 ITCl plus pepsin — weak sign at 
18®, distinct increase at 36® C. 

As compared with the prodtiction of HCN under chloroform, the 
production of acid under pepsin and HCl is negligible. This is 
another proof of the inhibitory effort of HCl. 

All illustration of the variation in the prussic acid (jontent on 
two consecutive days is given by the following experiment. Five 
plants were examined and showed the following reactions: — 

No. 1.— No sign of HCN. 

No. 2.— No sign of HCN, 

No. 3. — Strong jubduction of HCN. 

No. 4. — Weak production of HCN. 

No. 5. — No sign of HCN. 

Twenty-four hours later the situation was as follows: — 

Nos. 1, 2, 3 and 4. — Weak production of prussic acid. 

No. 5. — Strong production of prussic acid. 

Some of my observationa tend to show that a cold wind will con- 
siderably reduce the production of the acid. 

(c) Exxbactions. 

The following experiments may serve as an illustration of the 
difficulties and pitfalls in the process of extraction. They may be 
useful in future investigations to avoid sources of errhr* 
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Expcnrmnts on Sor|?hum vorticillifloruin. 

Plants tested on their arrival with chloroform — positive, strong. 

1. Alcohol extract 95 ])er cent, plus a small amount of calcium 

carbonate. 

Tested the extract by suspending a Guignard paper above it in 
a test tube — 

(а) cold — negative; 

(б) Avarm — negative. 

Thus the 95 per cent, alcohol extract, although it contains both 
feiinent and glycoside, will not allow of any liberation of HCN. 

2. Evaporated abohol on water bath (70^ C.) and residue taken up 

with watei*. 

Test of the solution: — 

Cold . — egati ve . 

Warm, (>1^ C. — Pcrsitive. 

The method so far is safe and can be eni})loyed without fearing 
any lovss of the acid by eva]M>ration. 

d. Alcohol extract 42*5 j)er cent, plus calcium carbonate. 

This extract was tested: — 

iiJi) During extraction — strong production of Hf'X. 

(h) Cold after extraction — strong j)roduction of HCN. 

(c) Warmed again after 12 hours, bO^ C. --strong production 
of IK^X. 

TliUH alcohol of a lower concentration is not at all safe for ex- 
tra(dion pnrjxtses, because the losses during the juocesvs are far Too 
high. 

To obtain some information about the influen(‘e> of metals on 
the ])rodin*ti()n of HCN the following experiment was made: — 

1(10 c.c. of extract No. 3 was treated with 50 c.c. 50 per 
cent, ammoninin oxalate. 

The ammonium oxalate precipitates Fe, Mg and Ca. The treated 
.solution was filtered and the filtrate examined. At 60^ C. the 
Guignard test proves positive. 

The subsequent addition of FeS04, MgS04 and CaClj makes no 
difference. MnSOj and AICI3, however, have a distinct inhibitory 
effect. 

Purification with lead acetate can be done in t^vo ways. It can 
either be added to the alcohol extract No. 1 or to the extract No. 2. 

In the first case when lead acetate is added to the alcohol (95 
per cent.) extract, there is a positive Guignard reaction before filter- 
ing. After filtering the filtrate shows but a weak sign of prussic 
acid. When filtrate and residue on the filter are brought fogether 
again, there is no reaction on Guignard paper. 
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It may be cx)iiclu(le(l from this experiment that lead acetate 
brings down the ferment, which being concentrated at the bottom 
of the flask reacts strongly on the glycoside for a short while. But 
the precipitation being accompanied by denaturatioii of the ferment, 
the fermentive action soon stops. 

This seems to be borne out by the sei'oud experiment. When 
lead acetate is added to extract No, 2 (w^ater) and lead is eliminated 
)y ammonium oxalate, the following results are obtained: — 

(1) At room temperature — 

(r?) filtrate — negative : 

{h) filtrate -h emulsin — positive. 


(2) At (150 C.— 

(a) filtrate — (xuignard jiositive but weak; 

(b) emulsin alone — negative. 

(c) filtrate + emulsin-— (xuignard positive strong. 

This show’s quite clearly that lead a(*etate precipitates the fer- 
ment. If the ferment is subsequently^ replaced by emulsin the 
positive results are obtained again. 

The experiments also demonstrate that both the ferment and the 
glycoside are soluble in alcohol, but that most probably the alcohol 
itself or another substaiu^e equally soluble in alcohol prevents them 
from reacting. This may serve as a basis for finding an antidote 
for poisoned animals. The substances w*hi(*h are dissolved in 95 per 
cent, alcohol are fats, essential oils, phytosterines, phosphatides, fatty 
acids, glycosides, resins, tannim^, chlorophyll, etc. Some of these 
substances should be tested by veterinarians to see w’hether they are 
of any use under the conditions of the digestive system of the animal 
to prevent further liberation of prussic acid. In all these experi- 
ments on animals there should be constantly borne in mind the 
statement made at the beginning of this paper, that i)russi(i acid may 
not be the only toxic principle. We should also not forget that in 
the paunch there is a strong bacterial action which may increase the 
production of TICN. 

The glyooside is not very soluble in ether. This was shown by 
the following experiment. Liquor No. 2 wuis shaken out with ether 
and the two liquids separated. The ether was left to evaporate and 
the residue taken up with water. This solution treated wdth emulsin 
gave a faint reaction. The liquor which had been separated from 
the ether was freed from the latter and was tested with emulsin- 
The reaction proved very strong. 

I have only tried one adsorbent in an endeavour to separate the 
glycoside from the ferment. Polvaluininium hydroxide was used on 
the alcohol extract. The solution was filtered and the filtrate evapo- 
rated and then taken up with water. It proved positive to Guignard 
paper showing that neither glycoside nor ferment was extracted to 
any noticeable extent. Moreover, the polyaluminium hydroxide when 
added to this last solution had an inhibiting effect. 
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An acid water extract was also made with tap water + HC1 to 
make it 0*1 normal. The extract alone heated io (io® C. shows strong 
pioduction of prussic acid. When this solution is treated with lead 
acetate it hecomes strongly fluorescent. The filtrate and the precipi- 
tate both show the fluorescence. 

The iirecipitate was separated from the filtrate by filtration and 
the residue on filter tested w’ith emulsin which proved positive. The 
filtrate was also tested with emulsin and proved positive. This is 
g<H)d evidence that the glycosid j)artly goes down with the lead 
precipitate and partly remains in solution. This tact should be borne 
in mind when lead acetate is used to clear an extract. It shows 
that the method of Dunstan and Henry can not be used for reliable 
(juantitative determinations of the glycoside. 

SUMMARY. 

The ])aper atteinj)ts to give a synoptic and constructive account 
of our present day knowledge on the problem of jnussic acid in 
glasses and urges that the investigations should be made in a more 
academic spirit. 

A list of 8<S grasses is com]>iled indicating tlie autbovs who have 
dealt with them and other points of interest. 

The methods of extraction are discussed to some extent and the 
errors whicdi may occur in quantitative determinations are pointed 
out. 


In dis(‘ussiiig the lethal dose the view is expressed that possibly 
another toxi(j sulKstaiice besides prussic acid may be involved in the 
rapid death of animals. A hint is given how' to verify that con- 
tention, the important point being to find out bow much H('N is 
liberated in the anjmal and not Innv much is iiit rad need , 

The question of anti^lotes is only briefly referred to. 

The discussion of the external conditions leading the ])lant to 
toxicity shows clearly how' climate and soil interfere with the meta- 
bolism of the jdant. Climate and soil, diurnal and seasonal varia- 
tions and the effect of wilting are disemssed. 

The origin of prussic acid in the plant is still an unsolved 
problem. The most important view’s and theories of thc^ past and 
present are reviewed and on that basis, the theory of Treub is given 
the lienefit of a good working hypothesis. 

Numei-ous experiments show’ the Various effects of HON on the 
plant and demonstrate what strong doses it is capable of standing. 

A discussion is devoted to the fermentation of dburrin. 

In the chapter prussic acid as an organic compound ’’ the view’ 
is expressed that the second toxic substance referred to in the begin- 
ning may possibly be an isonitrile which is much more toxic than 
the nitrile form producing glycosids. 

The author describes some of his own experiments on Eu.starhys 
pmpnloldes and Sorghvm verticillifiorvm. 
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HCl has an inhibiting* effect on prussic acid production, so has 
marked alkalinity and also pepsin + HCL 

During hay production no prussic acid escapes although some 
may be transformed into other substances. The hay still contains 
a considerable amount of prussic acid. 

Heating the grass to 59® C. (probable tem])eratnre of wilting) 
and 70® C. releases as much HCN as the chloroform test. 

Extractions .made with 95 per cent, alcohol are safe, no prussic 
acid escapes during the process. 42-5 per cent, alcohol is not safe, 
the acid escapes during* extraction. 

Elimination or adjunction of Fe, Mg and Ca makes no difference, 
but A1 and Mn have an inhibitory effect. 

Lead acetate precipitates the ferment with denaturation. Lead 
acetate partly also precipitates the glycoside; a fact to be taken into 
account in quantitative tests. 
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The Detection of Strychnine in Carcasses 
and Corpses. 
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1. lilt iodu(*l ion. 

11. employed in the detection of strychnine. 

(A) Tiiste. 

(H) (Mieniical tests. 

{a) Precipitation tests. 

(A) Colour reactions. 

(c) Physical and clieniical jiroperties. 

((J) Detection ot strychnine by the dialysis method. 

(D) Piolo[?ical tests. 

{<i) The solvent. 

{h) The animal. 

( I'A Quantitative estimation of stiychnine. 

II r. For what period after death is strychnine detectable in cor])ses 
and carcasses, 

IV’". .Discussion and recominendaTions as to the most reliable method 
of diagnosinfi* strychnine poisoning. 

(A) Methods of extracting strychnine. 

(B) Detection of strycdinine 'mtni riitnn and in ('orpses and 

carcasses. 

{V) The most suitable tests for the detection of stryidniine. 

(D) Substances resembling strychnine. 

(a) Chemical substances other than ptomaines. 

{h) Ptomaines. 

V. Summary. 


I. INTRODUCTION. 

Ix forensic medicine it is of the utmost importame to know whether 
or not strycduiine is present in corpses and carcasses in cases of sus- 
pected strychnine poisoning. The vital importance of this point is 
easily realised in cases of suspected malicious poisoning in human 
beings. 
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This investigation, the pjelijninury results of which are recorded 
in this article, was prompted hy the fact that a difference of opinion 
exists among those concerned with forensic medicine as to whether or 
not, the biological lest is essential in the detection of strychnine in 
corpses and carcasses. Some maintain that the taste and cJiemical 
(colour) tests yield suiiicient evidence as to tlie i)re8ence of slrychnine 
in extracts prepared from corpses and cvareasses, whilst others are of 
opinion that it is essential that the resulls of the chemical examina- 
tion be confirmed by biologic*al tests. 


li. TESTS EMPLOYED IN THE DETECTION OF 
STRYCHNINE. 

A. Taste. 

Strychnine has an iiiteJisely bitter taste, ivhicli is still delectable 
in very dilute solutions. In the literature there is a striking dis- 
crepancy in the dilutions of strychnine in which this bitter taste is 
detectable: (a) (dootta (1800) states that if ] c.c. of a 
solution of strychnine in distilled water t)e placed r»n the tongue it 
still has a bitter taste. On further dilution the hitler tasle (lisap])ears. 
Some investigalors stale thal a solution of llbOO.bOO is still hitter, 
Cloetta however disagrees; (b) according to (fadamer (1924) the 
bitter taste of strychnine is still detectable in dilutions of 1;4(),000- 
67,000; (c) Autenrieth (1928) and van Itallie and Bylsma (1928) 
state that the bitter taste of strychnine is still (hdecdable in aecjueous 
solutions of 1 1670,000; {d) Glaister (19^11) referring to strychnine 
writes ‘‘ 1 grain will impart to a gallon of wattw (1 in 70,000) a 
perceptible bitterness and (e) according to Klein (193d) a delution 
of 1:700,000 still has a hitter taste. 

The above discrepamdes are due ])robab]y, firstly to a differem^e 
in the susceptibility of the taste nerves of the different individuals, 
and secondly, to the fact that the different individuals took different 
quantities of the solutiQiis to he tasted into their mouths. It is 
obvious that a bitter taste may not he perceptible when a (lro]> of a 
very dilute sohiiion of strychnine is })laced on the tongue, whilst 
when 1 or 2 c.c. of the same solution is taken it will be bitter. 
When expressing a view as to the pei'ceiJtibility of a bitter taste of 
strychnine in certain dilutions both the dilution and the (juantity 
of the solution tasted should be mentioned. It is obvious that 
different dilutions of strychnine should not he tasted immediately 
after each other as the taste-nerves become exhausted very soon and 
hence are unable to record the hitter taste of a solution even if it 
is more bitter than the one tasted previously. An hour or more 
should be allowed to elapse betw^een the tests. 

The author was unable to detect a bitter taste in dilutions of 
strychnine beyond 1 in 200,000 in distilled water, A standard 
quantity of 1 c.c. of each dilution was placed on the tongue. The 
author failed to detect a bitter taste when only a drop of 1:200,000 
strychnine was placed on the tongue, 
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B. Chemical Tests. 

Only leeU pvrified extracts should be used for cdieniical reactions 
(precipitaiion and colour tesis) as impurities may interfere with the 
reactions. 


{a) PrccipiUition Tests. 

It v'as decided to ascertain the sensitivity of certain commonly 
used alkaloidal reagents for strychnine. The dilutions were prepared 
by dissolving strychnine sulphate in distilled water slijyhtly acidified 
with sulphuri<* acid. The precipitating^ ag:ents for alkaloids men- 
tioned in the table ^afiven below' were prepared according to prescrip- 
tions given by Fulton (19d2) : — 

Table T. 

Sensitt ritp of aJIcnloicJal tea tje tits for strjfrhnine. 

! Dilutionfi. 


Precipitating Agents 


“ I lat ilium Chloric l(‘ 

Potassium chromate. . . . 

l\>tciH.mum cyanide 

Phosphotungstic ac'id . . 

I’hosphomolybdic acid . , 

Wagner’s r**agent No. 1 

(Jold Chloride” 

.Mayer's rf*agent 

Mercuric Mxlium nitrite 

I*icnc acid 

Tannic^ mrJ 

y-| -I r.-= Very strongly positive (Iieavy prt‘cipitate). 

4 + Strongly po.sitive. 

-j Positive. 

I =- Eaintly pc»sitive. 

— * Negative (no precipitate). 

The above tests were made by placing one drop of the dift'erent 
dilutions of strychnine sulphate on a watch-gloss and then adding a 
drop of the precipitating agent. From the above table it is evident 
that Wagner’s reagent No. I still gives a macros(‘opic recognisable 
preci]>itate with strychnine in dilutions of 1 in 20,000. The approxi- 
mate amount of strychnine sulphate in a drop of a dilution of 1 in 
20,000 is 0*0031 mgm. Iti the course of this article (see biological 
tests) it w’ill be seen that the author adopted the follow'iug method of 
testing the extracts prepared from carcasses : The purified residue of 
the (chloroform extract of the organs is dissolved in 1*5 c.c. of ])hysio- 
logitml saline, slightly acidulated wdth sulphuric acid. If one drop 
of this dissolved extract were macroscopically to yield a positive 
precipitation test with Wagner's reagent No. 1 there should be at 
least 0*074 mgm. strychnine sulphate contained in the 1*5 c.c. That 
is, the amount of strychnine contained in 1*5 c.c. extract must be 

141 


1: 

1 , 000 . 


1 : 

2»0(M>. 


1 : i 1 : 1 : 1 : J ; 1 : 

4,(MK). I 8,000. 16,0(Kl,!20,(>OO.i30,000. .50,000 



DETECTION OF STRYCHNINE IN CARCASSES AND CORPSES. 


approximately nine times the minimum amount of strychnine that is 
detectable by the biological test (see biological test). It is therefore 
clear that fairly large quantities of strychnine must be present in 
order to render these precipitation tests of any value in the identifica- 
tion of strychnine. If a sufficient quantity of strychnine be present 
in the extract all the above precipitating agents could be used as the 
results of this test will give an indication as to the amount of 
strychnine present. Wagner\s reagent No. I and Mayer’s reagent 
are the most sensitive. 

If large amounts of strychnine (above 5*0 mgni.) are present in 
the extracts to be tested the method of identifying alkaloids by pre- 
cipitation described by I’ulton (19»10) may be found useful in con- 
fipning the evidence obtained by other chemical reactions and the 
biological test. 

A(|cording to Seka (Klein, 1933) strychnine, Aveakly a(‘idified 
with nitric acid, is still precipitated in the following dilutions by the 
undermentioned precipitants : 1:400,000 by potassium bismut li 

iodide, 1:100,000 by potassium mercury iodide, 1:300,000 by sili- 
eotungstic acid, 1:600,000 by phosphotuiigstic acid in the presence of 
1 per cent, hydrochloric acid, 1:10,000-11,000 with trinitrothymol 
and hexanitro-diphenylamine, and 1:9,000-10,000 with ])icrie acid. 
Precipitates are also formed witli chlorine and bromine water. [Seka, 
(Klein, 1933) and Gadamer, 1924.] 


(h) Colour reactions for si r}jrh7}ive. 

(1) In 1827 Orfila (Ranke, 1879) found that an evaporatt**! 
alcoholic extract of intestines to which strychnine had been added 
gave a led colour with nitric acid. (In the other hand Gadamer 
(1924) and *4eka (Klein, 19dy) slate that in concentratetl nitric acid 
strychnine is dissolved with a yellow colour and brucine with a red 
colour. 

(2) Cloetta (1806) states that («) when strychnine is dissolved in 
concentrated sidphuric acid a violet colour appeal’s when strong 
oxidising agents (e.g. potassium bichromate) are added; and (1>) 
strychnine and chromic acid form a combination, which is almost 
insoluble in water. According to von Dragendorff (1879), however, 
strychnine chromate is not very insoluble in water and its precipita- 
tion can be retarded or prevented by certain foreign .substances in 
the solution. 

The sulphuric acid-potassium bichromate test, which was first 
pro})osed by Otto (Poe and Bailey, 1903) in 1846, is furthermore 
referred to by Ilanke (1879), Witthaus (1911), Heiduschka and 
Meisner (1923 and 1927), Gadamer (1924), Autenrieth (1928), van 
Itallie en Bylsma (1928). Gki.ster (1931), Seka (Klein, 1933), and 
Poe and Bailey (1933). 

If to a purified extract, as described under TV (A) a few drops of 
sulphuric acid be added and a small crystal of potassium bichromate 
he then pushed about in it with a glass rod a deep blue colour, which 
rapidly changes into purple, crimson and red, and then slowly fadea 
away, results. Very similar colour reactions are obtained, if instead 

142 



D. G. STEYN. 


of potassiiun l)i(‘lirc)iimle (Olio’s lest), the following oxidising agents 
are used : ])o1assiinn j)erinaiiganate (Wenzell’s test), manganese 
peroxide, lead peroxide, j>otassium ehlorate and potassium iodide, 
polassiuni ferricyanide, eerinm oxide (Sonnensehein’s reagent) and 
ammonium vanadate (dissolved in eonceiii rated II2SO4 (Mandelin’s 
reagent). lUiese eolour reactions are not specified for strychnine but 
are also seen in all ethyl derivalive of aniline and tetrahydrocdiinolin, 
provided that the position para to the nitrogen atom is uiisubstituted 
[ Seka (Klein, and Oadamer, J924]. 

When sulphuric acid and manganese carbonate are added to 
stryidinine a blue colour, which changes into violet and then into 
l)ink, appears. 

Witthaus (1911, p. lOGl) states that (1) the alkaloid peissosper- 
vhin, contained in Pareira hrara “behaves like strychnine with 
sulphuric acid and potassium dichromate; “ (2) hypaphorm^ an 
alkaloid obtained by (Iresshof from the seeds and bark of /I ypaphorus 
.^uhu fuhrans, (•ultivate<l in Java as a shade-tree, and investigated by 
Plugge, is said to “ (ause a beautiful violet color, like that with 
strychnin “ which “ changes nnue rapidly, and soon disappears 
altogether with this test “ and (*‘l) “ a/uhn also gives a blue-violet 
(‘(dour with potassium di(*liromate and dilute sul]duiric acid, but this 
colour does not (hange to red and yellow, but to black, while a 
l)eculiar odor, somewhat resembling that of bitter almonds, is given 
off, which is not observed ^^ith strychnine.” 


According to Wormley (Poe and Hailey, lOGG) rurarmc and cod 
liver oil give c(dour reactions with Otto’s test similar to those seen in 
strychnine, lie also states that a number of substances (amongst 
others morphine, (juinine, sugar, brucine, and tartar emetic) will 
interfere with this test. 

Fuller (Poe and Hailey, HKId) fmind “ that the petroleum ether 
residues from yehctinnm and yohimhv give the strychnine test”; 
presumably the Otto test for strychnine. 

Poe and Hailey (1933) state that “ Mameli made a study of the 
interference of certain substan(*es employed in therapeutics on the 
Otto colour reaction. He found a number of drugs whi(*h more or 
less int erf erred with the test.” It is unfortunate that the drugs 
concerned are not mentioned by Poe and Bailey as the publication 
of Mameli is not obtainable in South Africa. 


Poe and Bailey (1933) tested a large number of organic cnmi- 
pounds with the Otto reaction for strychnine and found a number 
(e.g. cryptopine, papaverine, piperine, arbutin, benzanilide, etc.), 
which yielded results similar to thovse seen in strychnine. They also 
found that (‘ertain organic compounds (e.g. aesculine, meta-amino- 
phenol, azoxybenzene, benzilic acid, benzohydrol, beta-naphthol, 
etc.) completely covered up the Otto test for strychnine when 
present in equal amounts. 
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According to de Vry and van der Burg (Cloetta, 1866) 0 q“qqq 

grain (==^0 0011 jugin.) strychnine is detectable by the Otto test* 
Cloetta (1866) however disagrees and states tbat the smallest amount 

of strychnine detectable by means of this test is grain 

(==^0*0095 mgm*). 


Gaduuier (1924) states that the sulphuric acid-potassium 
bichromate test is still positive with 0 001 mgm. strychnine. 
Heiduschka and Meisner (1927) were able to demonstrate 0* 000125 
mgm. strychnine by means of this test, whilst Glaister (1981) refering 
to this test, states that “ this play of colours is characteristic ot 


strychnine, and can be perceived with the grain of the poisi 

( 2 

iO^Ob ±0 0066 mgin.). A glance at these figures show 

enormous discrepancy. 


s an 


Repeated tests conducted by the autho)‘ showed only the faintest 
violet colour with 0 007 mgm, strychnine sulphate. With (piantities 
smaller than this amount of stry(‘hnine no (‘haracterisiic and reliable 
play of colours w^as obtained. The tests were coiuhnded as follows: 
1 gni. of strychnine sulphate was dissolved in 1 liter of distilled water. 
From this stock solution weaker solutions were prepared. Of ea(‘h 
dilution (ranging from 1:1,000 to 1:800,000) 1 c.c. was taken and 
evaporated on a waterhath and the residue submitted to tlie sulphuric 
acid-potassium bichromate test. 


(3) Heiduschka and Meisner (1928) describ(‘ a sublimation test 
for strychnine. Ilie strychnine is sublimated m rncuo and the follow- 
ing tests are then applied : (i) Precipitation with potassium 

bichromate by Behrens method. Strychnine bitdiromate is torined. 
(ii) Precipitation with sulphuric acid as the acid strychnine sul]»hute. 
If the sublimate is dissolved in dilute suljdnuic acid, acid strychnim* 
sulphate crysialises out in long needles, (iii) Furthermore, colour 
tests (Wenxel’s, Mandelin^s and Otto’s tests) are applied. 


Kempt and Fder (Gadamer, 1924, pp. 878-882) also refers to the 
microsublimation of strychnine. 

(4) To 4 c.c. ot a strychnine solution add an eijual amount of 
concentrated hydrochloric acid and 2-8 gm. of pure granulated zinc, 
heat to the boiling point and leave standing for 3-4 minutes. If a 
drop of a 1/10 per <’ent. sodium nitrite solution be added to 2 c.c. of 
the above cooled solution a red colour immediately appears. 0 008 
mgm. strychnine in 1 c.c. of the solution tested still yields a positive 
result (Malaqnin-Deniges), (Gadamer, 1924). 

In regard to this test Seka (Klein, 1983) adds: If to the remain- 
ing portion of the solution one to two drops of bromine water be 
added, a ])urplish-red colour appears. If more bromine water be 
added a xirecipitate which dissolves with a red-violet colour in 
alcohol, is formed. 
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(6) Erdmann’s and Eroehde’s reag*ents < 4 *ive no oolour reactions 
with strychnine. [Erdmann’s reagrent — “ vsulj)hiiric acid containing 
nitric acid, prepared by adding to 20 c.c. of pure concentrated 
sulphuric acid 10 drops of a mixture of 10 drops of (*oncentrated 
nitric atdd and 100 e,c. of water ” (Autenrieth, 1028). Froehde’s 
reagent — 7. A solution of inolybdic acid in sulphuric^ acid, pre- 
l)ared by heating gently and dissolving 5 mgm. of molybdic acid or 
sodium molybdate in 1 c.(*. of pure concentiated Bul])lun*ic a(*id. The 
solution which shoxild be colourless does not keei) long.” (Autenrieth, 
1928).] 

(0) According to Aloy, Valdiguie and xVloy (102t)) ‘‘ strychnine 
in is unaffected by the addition of small amounts of IJO., or 

acetate. Hut on eximsure to the sunlight the solution becomes violet, 
fis a result of oxidation. This method may be used for the rfeterlion 
of 1x10 *’ parts of strychnine.” 

(7) Wharton's test — “ Dissolve the substance to be tested in a 
dry condition in chloroform. Put this solution in a small test-tube 
and evaporate the chloroform by setting the tube in a larger one 
(‘OJitaining boiling iiot water. When the substan<‘e is dry or nearly 
so, add a few <lro])s of mixture of ecjual parts of strong sul])huric acid 
and water and dissolve by shaking. Now introduce bromine vapour 
carefully and move the tube to and fro so that the s(dution takes up 
bromine. I{e])lace the tube in boiling water to ex|Hd excess of 
bromine vajiour. If strychnine is present, a carmine-?*ed (‘olour will 
a])]»ear in a few minutes, increasing in intensity as the* bromine 
evaporates. This ((dour fades after a time. Instead of bromine 
vapour, a sidution of a dro]i of bromine in 2 c.c. of chloroform may 
be used. If the ([uaiitity of strychnine jiresent is small, only a little 
bromine should be added to the solution ” (Autenrieth, 1928;. 

A(‘(‘ording to Fujiwara (1988) a reagent of sul]diuric acid and 
sodium molybdate is specific for strychnine. No details of the tests 
are desc ribed in the abstra<‘t and unfortunately the Tokyo Journal of 
Hiochemistry is not obtainable in South Africa. 

(c) Physical and (Chemical properties of Sfrychrii/n\ 

The crystallography of strychnine and its salts is useful in the 
identification of this poison. The crystals of strychnine when com- 
bined with ]n‘cric acid, picrolonic acid, p-nitro- and trinitro-benzoic 
acid, hydrofervocyauic acid, iierchloric acid and iodic acid, are 
(‘haracteristic | Seka (Klein, 1988)]. 

According to Klobusitzky (1984) the following strychnine salts 
yield chara(*teristic crystals with a 4 per cent, sodium glycerophos- 
phate solution- sulphate, chloride, nitrate, phosphate, and the 
glycerophosphat e. 

(C) Detection of STnyciiNiNE nr the Dialysis Method. 

Nunu (1982) describes a method of detecting strychnine with 
the use of a Graham dialyser. The specimen (organ or 8toina(‘h con- 
tents) is cut into small pieces, placed in a glass jar, and then mixed 
with two or three ounces of water containing 2 i)er cent, hydrochloric 
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acid. The glass jar is then immersed in hot water and iis contents 
allowed to digest for two or three hours. The contents of the glass 
jar are then poured into tlie dialyser, which is immersed in distilled 
water and allowed to stand for twenty-four hours. This process is 
repeated a second and third time, if considered necessary. The 
distilled water is tested wilh Mayer^s reagent for the presence of 
alkaloids. If the result is negative there is no need to j)ro<‘eed, and 
if positive, the distilled water is evaporated on a water-bath to one 
ounce and filtered if necessary. The liquid is noM' made alkaline and 
shaken with chloroform. The chloroform is evaporated and the 
residue tested with sulphuric a(dd and potassium bichromaie. 


(1)) Biological Tests. 

(a) The Solvent, 

Before discussing the biological tests we have to consider the 
solvent necessary for dissolving the residue of the purified chloroform 
extract, which is to be injected, into white mice or frogs. 

The experiment shown in Table II which was repeated twice 
with the same results, was conducted with physiological saline solu- 
tion and distilled water, both of which were slightly acidified with 
sulphuric acid. 

From Table II is is clear that physiolojjical saline solution 
should be used as a solvent in preference to distilled water, which 
when injected iniraperitoneally in excessive quantities may cause 
severe and continuous clonic spasms of the hindlegs and death. 
These spasnivs resemble, to a (certain extent, those seen in stryidinine 
poisoning in white mice. 

It is not advisable to inject mOVe than 15 c.c. of physiological 
saline solution intraperitoneally into three weeks old white mice 
weighing approximately 10 gm., and not mroe than 1 c.(\ in the two 
weeks old white mice weighing axiproxiniately 5-0 gm. 


(6) The AniinaL 


Hall (Eanke, 1879) was the first to recognise the importance of 
the “ frog in the detection of minute amounts* of strychnine, 
especially in forensic medicine. He suggested that “ frogs ’’ be 
immersed in the solutions to be tested for strychnine. Harley 
(Glaister, 1931) modified HalFs method by injecting some of the 
solution to be tested into the thoracic or abdominal cavity of the frog. 


Harley was able to detect 0 004 mgm. grain) stryidinine 

I io,uuu 

and Hall 0 013 mgm, 5 “q 5 q" grain) by their respective methods. 


Pickford (Ranke, 1879) jjroduced severe tetanic spasms in frogs 
with 0*006 mgm. strychnine injected subcutaneously. Unfortunately 
the specifi.c names of the frogs used are not given. According to 
von Rautenfeld (Weiss and Hatcher, 1922) Hana tem/poraria is 
unsuited to the quantitative estimation of strychnine. He found 
that Rana ^sculenta is 25 times more susceptible to strychnine than 
22. temporarm (Robert, 1906). Lovett (Weiss and Hatcher, 1922) 
refers to the difference in susceptibility of frogs to strychnine. 
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He attributes this phenomenon to the “ well-known difference in 
vitality of summer and winter froj^s.’’ No mention is made of the 
specific names of the frogs used in his experiment. 

Ipsen (Weiss and Hatcher, 1922) suggests that the mouse be 
used in quantitative determinations of strychnine in preferen(‘e to the 
“ frog as the latter is subject to seasonal variations in its sus- 
ceptibility to strychnine. 

Hatcher (Weiss and Hatcher, 1922) found that the fatal dose of 
strychnine sulphate for the “ fiog ** is 0 45 mgm. per Kg. body 
weight, whilst according to Sollman the fatal dose is 5*5 mgm. per 
Kg. body weight. Kobert (1900) states that the lethal dose of 
strychnine injected subcutaneously into the “ frog ’’ is 2 0 mgm. per 
Kg. body weight. Unfortunately none of these authors mention the 
species of frog concerned. 

It is evident from the literature consulted that frogs of the same 
species vary in their susceptibility to strychnine daring the course of 
single investigations conducted over short periods of time, l^his is a 
serious disadvantage as far as the quantitative determination of 
strychnine by the frog-method is concerned. 

The following is a summary of experiments conducted by Weiss 
and Hatcher (1922) : (i) The common grass trog, or leopard frog 
(Rona 2 )ipiens Shreder) can be used in the quantitative estimation of 
strychnine after a period of fasting until the metabolism is reduced 
to a minimum. The period of fasting lasted about three to four 
weeks. Unfasted frogs are less susceptible than fasted frogs to 
strychnine, (ii) 0*15 mgm. strychnine sulphate per Kg. body weight 
induces perceptible increased reflex excitabilily in fasted frogs, 
(iii) The susceptibility of frogs t» strychnine can be reduced by 
suitable feeding, (iv) ‘‘ The removal of the liver of the frog during 
a period of minimal metabolism (after long fasting) has liUle influence 
on the size of the dose of strychnine required to indm e increased reflex 
excitability. The removal of the liver during active inetabolism 
causes an increase in its susceptibility toward small doses of strych- 
nine so that it then behaves like a frog which had fasted for a long 
period, or until its metabolism was minimal. (v) “ 
weights of the animals within wide limits are without infliience of 
the amount of strychnine per gram of weight required to cause 
increased reflex excitability.’’ 

Fuhner (Autenrieth, 1928) states that between 0*02-0*05 mgm. 
of strychnine nitrate is the smallest quantity capable of producing 
tetanic convulsions in a medium-sized frog.” The exact weight of 
the frog and the species should have been mentioned. As the sentence 
stands it conveys nothing to the reader in regard to the susceptibility 
of the frog to strychnine, 

Priestley (1980) states that either ” Rana pipiens ” or ” Rwna 
palustri.^ ” can }>e used in the quantitative determination of strych- 
nine and that the average percentage error is 10 and rarely exceeds 
15. He states that various factors (diet, temperature, etc.), have to 
be considered in connection with the susceptibility of frogs to 
strychnine. 
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Koll (Klein, 1933) slates that tadpoles in the sta^e of changing 
from larva to frog, are very susceptible to strychnine. They show 
typical telanic convulsions after subcutaiuH)UN injection of 
0- 0003-0 ‘0904 nigm. strychnine. Neither species nor weights of frogs 
are mentioned. 

According to Falck [Kofler (Klein, lJb33) | young mice weighing 
4-5 gm. are very susceptible to strychnine. Not more than 0*5 c.c. 
of the solution to l)e tested is injected into the skin of the back just 
above the tail. (Quantities of strychnine as small as 0‘0002 mgm. are 
detectable in this way. The tail is stiff and shows tremors, which 
are churacderistic of strychnine and which can be jesristered on a 
kymograph. 

As the author intended conducting experiments in order to 
ascertain for what period after death strychnine ivS detectable in 
(*arcasses, is was thought advisable to determine which animal (frog 
or mouse) is most suited to the biological test. Conseipiently a 
number of experiments were conducted with white mice and frogs 
{Raua aqvalensifi llocagd and Xcnopis lacvia Daudin). The experi- 
ments with the white mice were repeated twelve times, and those 
with the trogs twi(*e. In each case the same result was obtained. 
All the white mi(‘e used in these and subsequent experiments were 
obtained trom the same breeder. This allowed of obtaining mice of a 
d«‘finite age and strain and all of which re(‘eived the same diet. 
Table 111 embodies the le^ult of the effects of different quantities 
of strychnine on three weeks old white mice. 

Krom Table III it is evident that it is possible to detect 
0*008 mgm. strychnine sulphate when it is injected intraperitoneally 
into three weeks old white mice weighing Irom 10-12 gm. It was 
found that fo\irteen day old white mice weighing about G gm. possess 
the same degree of susceptibility per unit body eight. As the latter 
animals weigh much less than three weeks old mice it is advi.sable to 
use the younger animals as smaller (plant ities of strychnine are 
detectable in this way. 

]t 4 ina aqualcnsis^ was found to po.ssess the same degree of vSus- 
septibility as tliree weeks old white mice, namely, recognisable 
strychnine spasms were still produced by 0 008 mgm. strychnine 
sulphate (injetded into the dorsal lymph sac) ])er 10 gm. body eight 
of frog. The frogs varied in weight from 10-25 gm. They were very 
young but unfortunately their age could not be determined cming to 
lack of knowledge of the species, which is now being studied by 
Mr. Fitzsimons. 

Nine times the amount of strychnine sulphate that is detectable 
with liana aqualenais had no effect on Xcnoph larris The weights 
of the two species of frogs used were approximately the same. All 
frogs were starved for sixteen days and kept under identical con- 
ditions before being used. 

* The frogs were kindly provided by Mr. White and identified by Mr. 
Fitasimons, both of the staff of the Transvaal Museum, Pretoria. 
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In view ot the above facts and also because (1) Rana agualensis 
is not obtainable during autuinu and winter and (2) mice react much 
more promptly than frogs to small amounts of strychnine (see 
symptoms of poisoning) it was decided to use white mice in all 
biological tests to be condiuded. Three weeks old white mice were 
employed as in the determination of unknown quantities of strychnine 
it was at times necessary to inject 1 *5 c.c. of the liquid to be tested. 
This volume of fluid (injected intra-abdominally ) is excessive for a 
fourteen day old mouse weighing 5-6 gm. 

SymptoinH of Strychnhiv Poisorntiy in Tt7//te Mice. 

If amounts of strychnine slightly less than the M.L.J). be 
injected intra-abdominally into mice restlessness and increased excit- 
ability set in about 5-10 minutes after injection. The animals run 
about continuously and soon show" an occasitinal clonic spasm of the 
hindlegs. The spasms increase in severity and the spasm-free interval 
becomes progressively shorter. Syuiiptoms of weakness (paresis, 
ataxia) set in about 10-15 minutes after injecdion. These are soon 
followed by complete paralysis, the animal lying on its abdomen or 
side unable to move, and showing severe attacks of clonic sjiasms 
of the wrhole body and legs with the hindlegs rigidly extended back- 
wards. Some affected mice shivere<l ’’ (continuous clonic spasms) 
continuously for more than an hour The tail is extended upwards 
or in line with the body and if the animal lies on its side the front 
legs are extended at right angles to the body' or ba(‘k wards along the 
abdomen. The interval between Ibe attacks depends on the severity 
of the case. It may vary from a fraction of a second to a few' minutes. 
(\mvulsions may be brought on in spasm-free periods by lightly 
tapping the (*age. After an attack of convulsions the respiration may 
stop for quite a wdn’le. 

fn acute cases of strychnine poisoning clonu* spasms set in 2-4 
minutes after injection. The symptoms are more severe than those 
described above and death may ensue from 5-15 minutes after injec- 
tion. The head may be thrown backwards and the tail rigidly 
extended upwards. 

In jituacute cases the mouse suddenly gives a few* short jumps 
with stiff* legs and falls into convtilsions w’ith the hindlegs rigidly 
extended backwards and without any' prodromal symptoms, a few- 
seconds to a minute after injection. Death may occur almost 
instantaneously or after one or more attacks of convulsions, which 
follow at an interval of a second or less. In some cases the head is 
ihrow-n backwards and the tail rigidly* extended upwards at right 
angles to the body. 

The rigid backw^ard extension (in the same line as the body) of 
the hindlegs during attacks of convulsions is characteristic of 
strychnine poisoing. 

SymptCfms of Strychnine Poisoning in liana aqualensis. 

Young frogs weighing 18 gin., which had received 0*0144 mgm. 
strychnine sulphate (i.e. 0*8 mgm. per Kg. body weight) in the 
dorsal lymph sac, developed fairly severe tetanic convulsions fifty-five 
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to sixty-live minutes after injection. If left undisturbed the intervals 
between the convulsions varied from a few seconds to a lew minutes. 
During these intervals the animals sat up again and appeared quite 
normal. If the slightest sound was made, or if the beaker containing 
the injected frogs was gently tapped, the animals immediately fell 
into convulsions again. During severe convulsions the frogs lay on 
their backs, the head was held up, the hindlegs were rigidly extended 
bacJwards showing continuous tetanic spasms, and the front legs 
were crossed. The animals recovered overnight. 

Young frogs weighing 25 gm. which had received 0 (15 mgm. 
strychnine sulphate (i.e. 2*0 mgm. j)er Kg. body weight) develo])ed 
severe convulsions ten to twelve minutes after injection. The legs 
which were coniinuously exiended backwards for an hour and a half 
before death, showed uninterrupted clonic spasms. Death occurred 
about four hours after the injection. 

The symptoms of stryclinine poisoning in frogs ’’ (species not 
mentioned) desc*ribed by Ranke (1879) and Autenrietli (1928) are 
similar to those described above. 

(K) Qt^antitativk Estimation of Strychnine. 

(a) liy Weighinff , — This method is applicable only in those case.N 
where a ponderable amount of strychnine was isolated. 

(61) By titration of the free base irifh A' acid or with 

mercuric iodide: poi/iaaium iodide . — Kobert (190G) refers to this 
method, wdiich obviously cannot be used in the estimation of minute 
quantities of strychnine. Seka (Klein, 1933) states that when 
strychnine is dissolved in 50 peiv cent alcohol, it should be titrated 
with bromine phenol blue as an indicator. AmrJieim (1934) u.ses 
methyl red as indi(jator and titrates wiih 0*02 X ac id to a faint pink 
colour. 

(62) By the volumetric inethod. — Jonesco-Matui (1926) describes 
a volumetric method of detennining strychnine by means of titration 
with 0*1 N. XaCl. According to his determinations 1*0 c.c. 0*1 N. 
KaCl is equivalent to 0*014 gm. strychnine. It is impossible to 
determine fractions of a milligram of strychnine by this method 

(c) Biological assay . — See (D) Biological tests,' 

(rf) By colour reactions , — The intensity of the colour reactions, 
for exam})le, Otto’s test, is an indication of the approximate amount 
of strychnine present. Fairly reliable results are obtainable if the 
colour of the material tested is compared with a series of colours of 
known amounts of strychnine. 

HI. FOR WHAT PERIOD AFTER DEATH IS STRYCHNINE 
DETECTABLE IN CORPSES AND CARCASSES. 

In 1866 it was still impossible with the methods known at that 
time to demonstrate the presem*e of strychnine in the blood, organs 
and urine of animals and individuals that had died from strychnine 
poisoning (Oloetta, 1866). 
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It seems luinef essary to refer to all the experiments conducted 
in connection with the fate of strychnine in corpses and carcassevs and 
only a few outstanding cases will be mentioned. 

Thompson (Cloettii, 18Gf>) found strychnine in the stomacli of a 
dog four months after it had died from this poison. Taylor (Cloetta, 
1860) was unable io detect strychnine in the stonuK'h of a ])erson, 
who had taken and died from the poison ten years before. 

Cloetta (I860) added 1 grain (--() ()66 gm.) strychnine Jiitrate to 
the stomachs of human beings, and placed these in glass vessels, which 
were closed ii}) and buried ihree feet deej). After eleven and a half 
months he si ill <letected strv(*hniiie in ihe stomach. 

In J8r)() lliekker (Ranke, 1879) placed the heart, lungs and liver 
of a bull in glass vessels and after having stirred o grains (™()*83 
gm.) strychnine nitrate in solution into their contents the vessels 
were closed up with ))ai)er stoppers. They were theji packed into a 
case of sawdust and stored. Eleven years and five weeks later Kiekker 
still detected strychnine in the (‘ontents of the vessels. Ranke also 
refers to experiments ('onducted by other investigators. 

Ranke (187i)) killed seventeen dogs with 61 gm. stryidiuiiie 
nitrate. None of the animals vomited. Nine dogs were buried l o 
meties dee]) in loose sandy soil and the remaining eight in loam soil. 
('Urt'asses were exhumed 100. 135, 200 and 330 days after burial 
resp(‘(*tively, and tile sj)ecimens (stomach, intesline, liver and spleen) 
sent to ditterent clnmiisls tor analysis. < )n tln‘ 330th day the organs 
were not recognisable and specimens consisting of dec()n)])osed muscle 
and intestines weie (‘ollected for analysis. None of the chemists 
were able to demonstrate Avith any amount of certainty the ])resen(‘e 
of strychnine by means of (diemical tests (colour tests) and crystallo- 
gra])hy. Biological tests conducted upon frogs however revealed the 
])rcsence of strycdniiiie even in the carcasses exhumed 330 days after 
burial. 

Cram and Meserve (1910-1911) rei)ort on an interesting case. 
The body of a man, Avho had died from ])oisoniiig, uas exhumed four 
months after death. The body bad been frozen most of the time 
but the grave when o])ened Avas full of A\ater Avhich Avas allowed to 
drain off. An embalming fluid of acid reaction bad been used when 
the body was first buried, AA’hich made it appear likely that any 
strychnine W'Ould be dissolved out.^’ No strychnine was obtainable 
from 454 gm. of the lung, 133 gm. of kidney, 446 gm .of muscle, 
850 gm. of small intestine and 560 gin. of brain. 0 0015 gm. of 
strychnine wujs obtained from 803 gm. of liver and 0*0033 gm. from 
the spinal cord, which weighed 25 gm. 

Oadamer (1924) and Autenrieth (1928) state that Kratter detected 
strychnine in corpses six years after death. 

Ipsen (van Itallie and Bylsma, 1928) concluded from his experi- 
ments that strychnine was detectable in corpses for years after death 
provided there was no loss of the poison from the corpse. 
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Ondkhstepoort Experiments. 

The obje(*i of ihese experiments was (a) to determine lor what 
l>eriod after death strychnine was detectable in carcasses of poisoned 
dof?H and (h) to comi)are ptomaines, wdiicdi weie isolated from control 
dogs, chemically (colour reactions) and biologically with the purified 
extracts obtained from dogs hilled with strychnine. 

Twenty-four dogs were killed with siiychnine sulphate on the 
7th September, 

From Table IV it would appear that the shorter the period 
that elapsed between drenching* with strychnine and death the sooner 
rtfjor ttwrius set in. It is of interest to note that dog 1*122 survived 
the effects of about o M.Ii.l). of strychnine. 

On the same date five (ontrol dogs (1251, 1815, l‘U<>, 1*820 and 
1*827) were shot. 

All the dogs were ])la(*ed in strong wooden boxes with lids. The 
boxes weie placed on stones in holes five feet deep in black clay soil, 
and then (overed with sheets ot corrugated iron, su])ported by iron 
standards j)Ia(*ed across the boxes. The layer ot clay soil over the 
iron sheets was about three feet deep. The holes Avere five feet a])art. 
At various ijitervals after burial dogs killed witli strychnine and 
control dogs were exhnnied and s])ecimens collected tor analysis. 
'Fhe dogs were then re-buried. 

The nndhod employed in the extraction of strychnine from organs 
and stomach contents is that described by (xlaister (19*81). It was, 
however, found that if the al<‘oJiol extract was filtered through filter 
jmper instead of cloth (muslin) (as suggested by (Haister) the process 
of shaking out the alkaline aecjueous extract with (hloroform was 
iinich less laborious in the (‘ase of decomposed organs. In this way 
the jmssihility of the formation of an emulsion is reduced. Should 
such an emulsion be formed, se])aratiou of the fluids may in many 
(*ases be achieved if to the alkaline aeqiieous extract -chloroform 
emulsion a tair (|uantity of ether be added and the mixture shaken 
vigorously and plac ed alternately in an inc‘ubator at about C. and 
in a refrigerator. If in spite of this procedure no separation of the 
fluids occur the only alternative is to centrifuge. In the case of 
decomposed c*urcasses (organs) the c‘A"a])o rated chloroform extract, 
which almost invariably Ava.s dirty brown in colour and had an 
unpleasant odour, ivas purified, as it was realised ihat only 
thoroughly purified extracts could be used in the colour and biologic^] 
tests. 


In a preliminary expeiiment Aarious amounts of strychnine 
sulphate w^ere dissolved in distilled winter and then thoroughly mixed 
with minced livers. After twenty-four hours the author was able to 
recover 95 per cent, of the amount of strychnine added to the 
different specimens of liver. 


Vmm nrevious discussions it is clear that the least amount of 
strvchS r^uired m order to apply both the potassiim bichromate- 
2ffir»cid (Otto) test and the biological test on three weeks old 
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white mice is approximately 0 015 as at least 0*007 mgm« 

strychnine is required for the former test and 0*008 mam. tor the 
biological test. If 14-day old mice are used it would be possible to 
detect 0*012 mgm. strychnine. 

As the biological assay of strychnine is much more accurate and 
less time coiivsuining than a quantitative estimation by means of com- 
paring the intensity of the colour reaction of the tested material with 
a series of colour reactions of known amounts of strychnine, it was 
decided first to apply the biological test (see next paragraph) and if 
sufficient material were left it w'as made alkaline and shaken witli 
chloroform and the bichromate colour (Otto) test applied to the 
chloroform residue. 

The purified extract was accordingly dissolved in c.c*. waiin 
physiological saline solution slightly acidified with sul]>huric acid. 
Three weeks old white mice weighing 9-12 gm. were then injected 
intraperitoneally with this solution commencing with 0*1 c.c. and 
either increasing or decreasing the dose according to wlmther the 
result was positive or negative. 

From the above it is obvious that if an extract contains less than 
0*015 mgm. strychnine only the biological test can be applied. 

Table V embodies the jesults of tests conducted with the carcasses 
of the dogs killed with strychnine. 

From Table V tlie following points are evident : — 

(/i) Degree of (lecompt^sifion of roicasses : 

ff 

(1) Six days afler death — advanced state of decomposition; 
skin almost hairle.ss; organs still recognisable. 

(2) Twelve days after death — organs still recognisabltJ. 

(f{) Six weeks after death — organs still slightlv recognisable. 

(4) Ten weeks after death — organs not re(‘ugnisable. 

(5) Eighteen weeks after death — boxes containing the cairasses 
completely immersed in (and filled with) water. The 
boxes were continuously immersed in water for about five 
weeks on account of very heavy rains. 

(6) Eleven months after death : bones almost dry but still 
covered with a small anumiit of fatty substance. 

(h) Presence or absence of strychnine in carcasses, 

(1) Three hours after death (dog 1325) strychnine w^as found 
in the lung, stomach, kidney, brain and spinal cord, 
spleen, muscles on posterior aspect of left femur, and the 
heart. Unfortunately owing to an accident the amount 
of strychnine in the liver could not be determined. 
Strychnine was found most concentrated in the stomach, 
lung, spleen and kidney. No strychnine vrm detectable in 
the left tibia and fibula. 
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Twelve days after death strychnine was found less 
concentrated in the stomach and more concentrated in 
other orf^ans. This was due to the fact that strychnine 
diftiised thiouj^h the decomposed stomacdi wall thus per- 
meating the whole carcass. This explains the phencjinenon 
that no strychine was detectable in the left tibia and femur 
(collected three hours after death, whilst twelve days later 
the pcnson was detecdable in the rij»’ht tibia and femur. 

It is of interest to note that no strychnine w^as 
detectable in the left tibia and fibula of do^’ IddO six clays 
after death, whilst the other organs c'ontained large 
(luan titles of strychnine. 

Six weeks after death strycdiiiine was still detecdable in 
the “ abdominal contents and bones of clogs ldl2 and 
i:i 28 . 

(d) Ten weeks after d(‘ath stiycdinine was ])resent in the bones 
of dogs idl-b Id II and Idlt), whil.st it could not be detec ted 
in the bones of dog ldl4. 

(4‘ Kigliteen weeks after death strychnine was jnesent in the 
bones of dog IdOi), whilst it was not detec-table in the bones 
ot dogs 1247, 12nd, and ldl7. It shcnild be mentioned 
that the carcasses wen^ fcmnd immersed in water at the 
time wlien thc‘ s])ecimens were c-ollectecl. It is quite con- 
ceivable that the strychnine ]>resent in the bones was dis- 
scdved out by the water. The less ** tatty ” the bones are 
the greater the likelihood of this happening. 

(o) Eleven months after death the bones of dogs Iddl), ld28, 
Idld, and ldl4 still contained strychnine wliil^t the poison 
was not detectable in the bones of dogs ldl2, Idll, IdlO 
and 1247. It is of intere.st to mention that a number of 
the extracts prejiared from the bones of dogs killed wdih 
strychnine had a bitter taste in spite of the fact that no 
stryclinine was detecdalde in them. 


IV. DISCUSSION AND RECOMMENDATIONS AS TO THE 
MOST RELIABLE METHOD OF DIAGNOSING STRYCH- 
NINE POISONING. 

A. Method oe Extracting Sihycujmnk. 

The method described by (flaister (19dl) yields most satisfactory 
results. A high degree of purification of the extracts pre})ared from 
organs in an advanced state of decom])osilion can be acdiieved by 
taking up the evaporated chloroform extract in a few' c.e. of 
distilled water acidified with sulphuric acid and shaking this out 
wdth a small cpiantity of ether. The aequeous solution is then 
rendered alkaline with potassium hydroxide and again shaken out 
with chloroform. This process should be repeated if uec*esvsary. In 
this way the salts of ptomaines, which are soluble in ether wdll be 
removed. This is an advantage as some ptomaines (see TV. T). 
Ptomaines) are chemically {colour reactions) and biologic ally almost 
indistinguishable from strychnine. 
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Weis8 and Hatcher (1922) found that ‘‘ the Stas-Otto method 
for the extraction of poisons from animal tissues does not permit of 
the recovery of strychnine quantitatively when only very small 
amounts (but such as may be present exceptionally at the time of 
death) are present, but widely diffused in the organs.” They 
proposed the liquefication of tissues with 20 per cent, sodium 
hydroxide and heat and then wshaking out with chloroform. 

As stated before the author obtained most satisfactory results 
wdth the method used by himself. 

Priestley (1980) described a method of isolating strychnine from 
blood and organs, which according to him is less time-consuming 
and as ac(*urate as methods used by other investigators. 

B. The Detection of Strychnine infra citam an3) in (\)rpses and 

Carcasses 

(a) Infra vifam, 

111 eases of acute strychnine jmisoning the vomit (if vomition 
occurs) and the urine should be collected and tested for the presence 
of strychnine. The method of extraction described by Weiss and 
Hatcher (1922) could be used. 

Weiss and Hatcher state that “ the kidneys excrete amounts 
equal to 20 per cent, of that administered at one time, and a much 
lower percentage of larger doses taken by the mouth over periods of 
twelve and twenty-eight hours, respectively. The jiercentage of the 
strychnine excreted by the kidneys is a measure of the eliminative 
eificiency of the liver, rather than that of the kidney itself, for the 
kidney excretes only that which the liver fails to excrete. 

Diuresis hastens the elimination of strychnine by the kidney, 
but it does not necessarily increa.se the total amount eliminated in 
the urine after a single dose injected intramusculaiiy, and it may, in 
fact, be attended with the renal elimination of a smaller total than 
w'ould occur in a similar experiment without diuresis.^' 

According to Gadamer, (1924) 50-75 per cent, of tjae strychnine, 
administered in large but non-lethal doses, is excueted by the kidneys. 

From the literature it appears that no strychnine is detectable in 
the urine a few days after administration, the greatest proportion of 
the amount eliminated in the urine being excreted within the first 
few hours. 

Stry<jhnine is not detectable in the faeces (Aiitenrieth, 1928), 
(h) A Short Period, after Death, 

The amount of strychnine recoverable from the corpse or carcass 
depends on the following circumstances. 

(1) The dose advunistered and the method in which it was adminu 
stored. 

Large doses of strychnine cause death within a few minutes or 
hours, especially when administered subcutaneously or intravenously, 
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as there is little time tor elimination in the urine, bilt*, milk, SAiliva, 
etc. Ill the case of large doses with death soon atter the poison hatl 
been taken per os a high percentag'e of the amount taken will be 
found in the stomach contents provided no vomit ion occurred. 

In regard to the absorption of strychnine from the stomach 
llyan (1912-b‘j) found that strychnine nitrate in alcoholic solutions 
(10 to 120 per cent, alcohol) is not absorbed as readily as in aequeous 
solution. He also tound that strychnine is fairly readily absorbed 
by the gastric mucous membrane. 

If a dose of sirychnine eciuivalent to the M.L.l). or slightly 
more, had been administered no strychnine, or mere traces, will be 
detectable in the stomacdi contents. The comparatively long period 
tha( elapses between administration and death allows of complete, or 
almost complete, absorption of the poison Irom the gastrointestinal 
lra<’t . 


If the M.Ij.I). of strychnine for the human lieing be cabuilated 
on the generally ai'cepted basis ol 1*0 mgm. ])er Kg. body weight 

1 (XXitXH) body weight) a human being weighing 70 Kg. 


will n‘quiie 0 07 gm. ( ap])roximately 1 grain) ot stiychnine to 
<ause death. If it be assumed that the stry<*linine taken is evenly 
ilistributed thnmghout the body, and that no excretion or destruction 
of the* ])oison has orcuiied, then the corpse will contain 0*1 mgm. 
.strychnine per 100 gm. This amount of strycdinine will allow* of 
precipitation and colour tests and the biological! test lu'ing condneded. 


It ajipears, how<*ver, that strychnine is not evenly distributed in 
c*()r])ses and carcasses but that ajiart from the stomach contents, which 
should be analysed, the greatest iiroportion ot strychnine is to lie 
found in the liver, spleen, kidneys, lung and brain and spinal cord 
[Autenricth and others |. In cases ot ac ute and perac ute 

strychnine ]H)isoning the urine (if any is present in the eoiqise or 
canc ass) should also he analysed. When deeomiiosition ot cauqises ami 
carcasses sets in the strycdinine, whicdi is ])resent in the stomaeh, will 
diffuse through the stomacdi wall and jiermeate the otlier organs. 


Wei.ss and Tlatcdur (lb!22) experimenting upon cats found that 
“ stryc hnine su1])hate leaves the blood stream rapidly, and after two 
minutes as much as dO per cent, may have left the circ'ulation ; within 
five minutes more than bO per cent, and after forty minutes the 
blood may contain only about 4 per eent. of that injected.^' It 
therefore appears that the blood is not a suitable specimen for the 
isolation of strycdinine. 

As strycdinine has eum illative effeets it is cjuite possible that 
small amounts of strychnine may be detected in the body (especially 
liver, spleen, lungs, hones, and central nervous system) of ])ersons, 
and animals receiving strychnino as a tonic for a certain period liefore 
death due to some cause other than strychnine poisoning. 

In cases of suspected strychnine poisoning where the following 
information is at our disposal we may be able to discriminate between 
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cases, which have recteived strychnine as a tonic and liave died from 
some other e4^use, and cases of strychnine poisoning; — 

(i) The evidence of the doctor or veterinary surgeon, who 
attended the patient or animal (‘oncerned ; 

(ii) The symptoms of poisoning and post-mortem appearances; 

(iii) The amount of strychnine present in the gastro-intestinal 
tract and in the organs. 

In the case of a person or animal receiving strychnine as a tonic 
the drug will ])e (*ompletely absorbed within a few hours aftei* 
administration. It is, however, possible that stryclinine may be 
detectable in minute (piantities in the gastrointestinal contents and 
wall in cases which received strjchnine us a tonic, owing to the fact 
that the drug is j)artially excreted in the gastrointestinal tract and 
in the bile. 

It is obvious that the weight of the sj)ecimens analysed tor the 
presence of any poison is of the utmost im])ortance. The heavier 
the specimen the more reliable the results will be. 

The author conducted the following experiment (see Table VI) 
in order to ascertain whether strychnine taken as a tonic, that is, in 
very small (non-toxic) amounts, is detectable in carcasses or not. 

From Table Yl it is evident that strychnine was detectable 
in the liver and stomach of two dogs, which had received non-toxic* 
amounts of strychnine daily for tWenty-two days, and which weie 
killed three hours after administration of the last dose of strychnine. 
It is ai)parent that a very large proportion of the amount of strychnine 
administered in the last dose had 4 t the time of death (d hours alter 
administration) already disappeared from the stomach wall and con- 
tents. The kidneys of dog 14‘18 showed an advanced degree of 
cirrhosis. No strychnine was detectable in the organs of dog 1408, 
w’hich was killed three days after administration of the last dose* of 
strychnine. Sufficient time had evidently elapsed for the excretion 
and destruc*tion of the ])oison. 

The detection of strychnine in carcasses and corpses of individuals 
and animals. whic;h had received a tonic* containing strychnine and 
wffiicdi died from a cause other than strychnine i>oisoning, depends on 
(1) the amount of stryc hnine administered, (2) the period that ela])sed 
between the last dose and death, (8) the period that elapsed betAveen 
death and the time of analysis of the corpse or carcniss, (4) the age of 
the individual or animal, (5) the state in wdiich the organs of exc*rcdion 
(esi>eeially liver and kidneys) wwe, (6) Avhether or not embalming 
fluids were used, and (7) on the rainfall. 

It is interesting to note that the purified extracts prepared from 
the lungs and heart of dogs 1488 and 1489 r*ontained a paralytic 
poison(s). 

(2) The treafmenf applied , — It is obvious that the amount of 
strychnine present in ciorpses and carcasses especially in the stomach 
depends on the treatment administered to the victims. A certain 
proportion of the strychnine present in body wall be removed or 
destroyed by (i) stomach lavage, (ii) emetics, and (iii) oxidising 
agents (e.g. potassium permanganate), 
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Tannic u(*i(l will (‘onihine with the strychnine still present in 
the oasiiointestinal tract forming the insoluble tannate. 

(3) Destruction of Strychnine by the Body Tissues and Fluid sr 
intro r/to//C“- A(‘cor(Hng to Anienrieth (1928) the largest proportion 
of strychnine adminisierecl is desiroyed in the living orgaiiisin as 
a resuli of animal metabolism 

(c) After the Corpses a7ul Carcasses are in a state of ad ra need deconi’- 

position, 

Tn perusing the literaiure (see 111) dealing with the persistence 
of strychnine in corpses and carcasses it appears that this poison is 
very resistant to the processes of de(‘omposition. In some cases 
stry(*hnine was delected a few years after death. These records 
should, however, be regarded with a cuitical eye as the methods used 
in the detection of strychnine are open to criticism. 

In many cases only taste and colour tests (Otto’s tesl, 
Mandelin’s test) were used whilst other investigators apjdied the 
biological test only. In the discussion on })tomaines (IV. D) it will 
be seen that ptomaines resembling strychnine, either chemi(‘ally or 
biologically are known. It has already been stated that both llie 
colour and biological tests for strychnine should be ap])Iied in ortlei’ 
to come to definite conclusions. 

The amount of strychnine present in the body at the time of 
death may in the course of time de(*rease in the follow ing w’ays : — 

(1) Method of Butial or Disposal of Corpse or f V/zens-v.- - It is 
obvious that cremation completely destroys the poi.son. Kmbalming 
retards processes of decomposition, hence it is j)robable that stiych- 
nine will persist in smdi corpvses for longer ]Kn ifuls llnui in 
unemhalmed corpses. ITie })ossibility of the lonbalming fluid 
destroyiug, or chemically chauging strychnine, should also be i on- 
si dered. 

JjOw temperatures inhibit processes of decomposition, hence the 
possibilities of delecting strychnine in (*orpses and (^ar(‘asses buried 
in i('e- and snow'-ridden areas are more favourable than in waim areas. 

A certain amount of strychnine escapes with the fluid (decom- 
posed blood and li(juefied tissues) flowing oilt of the corpse or (‘arcass. 
It is therefore obvious that in <*ases in a state of advam^ed decom- 
position s})ecimens of the garments and coffin (unless tin-lined) 
should also be taken as these were saturated wdth the fluid referred 
to. If there is evidence of the fluid having ])ercolated through the 
coffin spe(‘iineiis of the soil concerned should also be analysed. In 
the case of tin-lined ('offins containing hones only it is advisable to 
thoroughly rinse out the coffins with a small (juantity of 9G per cent, 
alcohol acidified with acetic acid. 

In the case of c^arcasses, which are decomposed it is essential 
that specimens of underlying soil be analysed for strychnine. 
Carcasses are sometimes covered with quicklime, which cause rapid 
disintegration of the tissues wdth consequent loss of fluid wdiich soaks 
into the underlying soil. 
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The author coiidudecl a mniiber ot' ex])eiiuieiiis in order to 
deleruiijie whether processes of (lecum])ositioii have a desiriutive elfect 
on strychnine. Jk)vine livers were minced, i)laced in tins and definite 
ajnoiints of strychnine (dissolved in watei) added. Idiese tins were 
stored at room tejnperature during* summer. After a month practical- 
ly no decrease in the amount of strychnine added had occurred, 
whilst after four months only about l/T)!) of the original amount of 
strychnine added was present. 

It A*'as noticed that according* to the method of biolof>ical assay 
(intrupeiitoneai injections into three weeks old wliite mice) much 
lari^er amounts (ti to 10 times) of strychnine were detectable in the 
exti’acts prepaied from the de(‘om])osed livers if these extracts were 
not tliorouulily j)n rifled before injec'tion. 1'his phenamenon wus most 
probal:l.\ due to the presence of ptomaijies, wdiicli have actions similar 
to those of strychnine. We also have to consider the ])ossibility of 
ptomaines, which have efVecds oi»jM)site to those of strychnine, bein^>* 
present in the extracts examined. In this case the biological test may 
not reveal the preMMice ot stiycdinine in spite ot the fact that it i^ 
])iesent in tlie extiact. 

In one ca>e the extract jnc'paied from a (‘oiitjol liver (t() wdiich 
no >tiy{hnint* was added), wliich w'ar> analysed after havino* been 
allow(*d to decomj)o>e for four months, yielded a ])ositive potassium 
bicbromate-snl])hui ic acid te>t. w hich was indistinp*ui''hable tioin 
I fiat oi strychnine. 

UituifiifL -It is ob^ ions that the presence of watcM* in p’raves 
will dissolve* out .Noim* oi the strychnine ])resent in corpses piovided 
they ar(‘ not ('Uciosed in coHins (tin-lined and sealed) to which water 
has no ac'c'e^s. In tin* ca^e ot corpses treated with acid (‘iiibalmino* 
fluids lartie amounts of, if not all, the strychnine present in the 
coijise will b*^ dissidved and removed by the water as stiychnine salts 
are easily soluble* in water. The less decom])osed the ( jneass the less 
strycdinine will bt* dissolved by the water as the fatty substaiu^es 
present will to a e'crtain extent ])revent the entiiiin*e of water into the 
organs and bones. 

Fn the Omb‘rste])oort ex])eriment it was found that the boxes 
(‘ontaininir the caicasses of the twenty-nine dops were floating* in 
water aftei' about It? in. of rain had fallen in less than five weeks. 
A month later, after another fi in^. of rain had fallen, the boxes 
were still submer<»:ed. It was interesting* to note that after (i inches 
of rain had fallen in the course of three weeks the soil (black clay) 
was wet only about 18 inches dee]) and there was no watei* in the 
holes. 

( C ) ITie ak)si' Si itahle Tests fou the DEiKmox oe Stkychmne. 

It has already been stated that for reasons mentioned above the 
taste test and at least one c(dour test (Otto's or Mandalin's test, etc.), 
and the biolo^iiail test should be employed for strychnine before a 
definite opinion can be expressed. The author achieved very satis- 
factory results w'itli tlie Otto test in conjuiK tion with a bioloj»*ical test 
conducted upon three W’eeks old white mi(*e. 
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The greater the number of tests for stryc^hniiie the more reliable 
the results will be. 

(D) SVHSTANCES RESEMHLINO STUYCIINrNE. 

The substances resembling strychnine chemically (colour tests, 
etc.), and biologically could be discussed under (ri) chemical sub- 
stances other than ptomaines, an<l (/>) ptomaines. 

(^/) C/icmirat Substances other than Ptomaines. 

(i) Robert (190G), Witthuus (1911) and (ladamer (1924) refer to 
a substance (pellagrozein) which is sometimes present in decomposing* 
maize and which resembles strychnine both chemically and bio- 
logically. 

(ii) The colour reactions seen when oxidising agents are added to 
8try(‘hnine are not sj)ecific for this drug, but are also seen in all 
ethyl derivatives of aniline and tetruhydnxdiinolin, j)rovided that the 
position pai^a to the nitrogen atom is unsuhst ituted [ Seka (Klein, 
]9d»3)]. Methyl- and erhyl-strj'chnine, vvhicli differ in action from 
strychnine, also give a positive (Jt to test. 

(iii) The followina* alkaloids when injected in c(nnparati\ely 
large amounts also induce tetanus in Irogs: brucine, thebain, 
morphine, hydrastine and caffeine (Kofler (Klein, 19dd)]. 

(iv) Brucine, quinine, (‘orchorin, picric acid, and many othei 
substances also have a bitter taste. 

(v) Poe and Bailey (19dd) studied the (‘olour reaction^ of the 
Otto test on a large number of chejnical substances and found twenty- 
three compounds which gave some shade of violet, lavender, or 
purple. Some of the colours seen were very similar to those given 
by strychnine. The alkaloids, cryj)topine and pai)averine, gave 
violet colours, so also did pheiiylglocine (amino acid derivative). 
Allylphenylthio(*arliamide have a brown c*olour with streaks of violet 
and the glucosides, aes(nlin and arbutin, brown with a tra(‘e of violet 
and a reddish violet coIqui' respectively. Furtheimore, the following 
substam.es gfne traces of, or, a distinct violet colour: aniline deriva- 
tiv^es ortho- anisidine, benzanilide, ortho-benztoluide, })ara- 
bromoauiline, ortho-phenetidine, para-phenetidine : orth(»-amino- 
phenol ; anisic acid (aromatic acid); naphthalene and anthracene 
derivatives -f alizari ii , alpha-naphthylaininoazobenzeue, miscellaneous 
aromatic* compounds : benzylidienylhydrazine, letrabromophenol})!)- 
thlalein, and trijdienylmethane. 

(vi) The alkaloids peissospermin and hyimphorin are said to 
cause a colour reaction like that seen in strychnine with sulphuric 
acid and potassium bichromate. 

(h) Ptomaines. 

Ptomaines (animal alkaloids, putrefactive alkaloids, cadaveric 
alkaloids) are defined as bases “ formed under the action of bacteria 
or of metabolism by the splitting of carbon dioxide from an amino- 
acid. 


166 



B. G. STEYN. 


In 18(i5 Aeby and Sclnvarzeiil)a<*h extracted from (*or])sevS sal)- 
siances which induced tetanus (Kobert, liHIb). Selmi ])re])ured i'roin 
corpses a substance wliicdi resembled strychnine chemically (Kobert, 
190b). Kobert also states thal Maas isolated from muscle and brain 
in the first stages of decomposition a piomaine which caused tetanus; 
and that Arnthm* (see also (xadamer, 1924, ]). 590) found a idomaine 
which resembled sirychnine chemically. 

llanke (1879) refers lo ]) 1 omaines iscdated from cai'casses in a 
slate of advanced de('()mposition which have a nar(*olic (paralytic) 
effecl on fio^s. lie eoriectly remarks tlmt the j)resen(‘e of such 
ptomaines masks the ])harma<*olo^*ical effects of strychnine. 

Ac(*ordin)^^ to Witthaus (1911) llaumert states that “ in one caem 
the ptomaine in (juestion not only ^ave various chemical reactions, 
including* the identifying reactions (»f strvfdinine, but also possessed 
the tetanizin^ action of that alkaloid I'nfortunately no ])articulars 
about this case are available. 

Mecke isolated a faintly bitter, non-tetanizin^ ])tomaine which 
"•ave a positive Otio test and was colouied yellow by Erdmanirs 
reaf^ent, and <lirty violet by Frohde’s reagent (Witthaus, 1911; 
(ladamer, 1924). 

(ladamer (1924) ^roujis the ptomaines a(‘co!“din<»* lo tlieir 
solubility in orj>'anic scdvents. He remarks that the ptomaines which 
are capable ot beine diss<dved In (*hloroform out of an alkalin-c 
solution are said to havi* a piin^ent bitter taste and that they reduce 
iodi(* acid to iodine. 9'hey are also said to #^ive a red (‘olour with 
sul])liuric acid and Ffohde's reaf»'e»ity" 

Accordiiifi* to Kipjambercej- many ])tomai]ies mentioned in the 
literature aj*e nothing* tdse but j)epto?ies ((ladamer, 1924). 


Ondi r^tc paart K.vpc/ ( mcfft'i inth 

(i) I nnlcntifit'd piomanics is<d(ftrd front t/ir ctfrnissr.s of dttt/s 
Ixillfd ns cttttirols in ihe strprhninv e.rpvn mvnf . — Whenever car(*asses 
of the do^s killed with strychnine were exluimed, s])e('imens for 
analysis were also collected from the can‘asses of (he (‘ontrol do^s 
which were shot. The extracts from the ^)r»•an^ were ])re])ared b\ the 
same method which was used in the isolation of stiycdinine. It is 
therefore (d)vious that only those ptomaines, which have the same 
solubility (draracters as strychnine are (‘oncerned in t )mlerstepoort 
experiments. When organs in an advam*ed state of de(‘om])(»sit ion 
are analysed f<u‘ the ]>resence of strychnine it is advisable to take up 
the (‘hloroform residue in a small quantity of acidulated (H 0 SO 4 ) 
distilled water and then shake out t»nce with ether. The ethei*, in 
wdiich strychnine sulphate is practically insoluble, will remove from 
the aequeous solution those ptomaines which are soluble in this 
orj^anie solvent. 

Table VII embodies the results of the extracts prepared from 
the orftans of the control do^s. 
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The following is evident from Table VII. 

(1) Dog 132() — the extract prepared from the stomach (plus 
contents) collected six days after death induced symptoms 
in white mi(*e very closely resembling those seen in cases 
of strychnine poisoning. The extract was, however, not 
bitter and gave a negative Otto test. 

The extract prepared from the bones colletded eighteen 
weeks after death also induced strychnine-like wspasms. 
The extract had a slight bitter taste and yielded a negative 
Otto test. 

(2) Dog 131(i — the extract prepared from the bones collected 

six weeks after death induced strychnine-like spasms. 
The Otto test was negative and the taste not bitter. 

(3) Dog 1315 — the extract prepared from the abdominal 
contents ” exhumed six weeks after death yielded strych- 
nine-like spasms and a negaiive Otto test and was not of a 
bitter taste. 

The extract of the bones exhumed eleven months after 
burial indu(‘ed no strychnine-like spasms. The result of 
the Otto test very much resembled that seen in strychnine 
poisoning and the extract also had a bitter taste. 

(4) Dog 1251 — the extra<*t prepared from the bones exhumed 
ten weeks after death induced stry(;hnine-like spasms. 
The Otto test was, however, negative and the taste of the 
extract not bitter. 

(5) Dog 1327 — the extract of the bones exhumed ten weeks 
after death induced strychnine-like spasms and the taste 
was intensely bitter. The Otto test was, however, negative. 

The extract of the bones exhumed eleven months after death 
induced no strychnine-like spasms. The extract was slightly bitter 
taste but yielded a negative Otto test. 

f he remaining extracts had no chemical or biologi(*al (‘haracters 
which could be mistaken tor those of strychnine. 

A nuinher of the extnnds contained natcotic ptomaines. 

(ii) Jdentiiicd piowaines . — The undermentioned ptomaines were 
obtained from Messrs. Fraenkel ami Landau, Berlin- Oberschime- 
weide, Germanv, and were submitted to the following tests. (Table 
VIIT.) 

For the colour test 0*2 gm. of the above ptomaines was used. 
For the biological test the amounts of ptomaines mentioned in the 
above table w ere dissolved in 0* 5-1*0 c.c. physiological saline solution 
^sterilised) and injected intraperitoneally into three weeks old white 
mice. 

TVot in a single case did the result of the colour tests resemble 
the play of ciolours seen in strychnine. On the other hand neurin- 
l)romide, guanidine carbonate, cholin chloride (0*001 gm.) and 
trimethyl-pyridine induced spasms which resembled those seen in 
cases of strychnine poisoning. 

Cadayerine and putrescine in the doses mentioned above appear 
to be typical i>aralyti(i poisons for white mice. 
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DETECTION OE STWYCHNINK IN CARCASSES AND CORPSES. 


V. SUMMARY. 

(1) In order to express a definite opinion as to the presence or 
absence of strychnine in imrified extracts of specimens of ort>ans, 
etc., it is essential that the following* tests be conducted : (ii) taste 
test, {h) colour test, and (c) a l)iol()g‘ical test. Inimutnre white mice 
are for various reasons more suited to the biological test than frogs, 
{llano, escahmta^ liana pipien.<i^ liana palustria, liana aqnaU‘nsi,s). 

It is definite that very nnreliahle and inacvurate results will be 
obtained if l)oth the colour and biological tests for strychnine are not 
applied to extracts as a large number of eheinical substances, inelud- 
ing ptomaines, are known whit^h yield jmsitive results either wiUi the 
colour test, or with the biological test for strychnine. Many ot these 
substances also have a bitter taste. The greatest care should be 
exercised in expressing an opinion as to the preseii(*e of strychnine 
in defiomposed carcasses and corpses. The author isolated a strych- 
nine-like ptom.aine(s) from a decomposed liver, whi(ii was known not 
to contain any strychnine. This ptoinaine(s) had a ])itter taste and 
gave a positive sulphuric* acid-potassium bichromate test for 
stry(‘hnine. The results of taste, chemical and biologic^al tests with 
unidentified and identified ptomaines are recorded. 

(2) Tf three weeks old white mice are used in the biologi(*al test 
at least 0*008 nigm. strychnine 8ul])hate is required in order to 
produce recognisable strychnine spasms in a mouse weighing 10 to 12 
gm. With 14 day old white mice weighing 5 to (> gm. 0 ()04 ingm. 
strychnine sulphate is detectable. In order to achieve reliable results 
in the deteciicui of strv(*hnine in purified extracdvS of organs, etc., 
at least 0 011 ingni. strychnine sulph^e should be ])resei)t as approxi- 
mately 0 007 mgm. is required lor the Otto test and 0*004 mgin. for 
the biological test if this is conducted upon 14-day old white mice 
weighing from 5 to 0 gm. Tf three-w^eeks-old white mice are employed 
the least amount ot strychnine detectable in extracts is 0*015 mgm. 
if both the Otto and biological tests are conducted. 

(3) The symptoms of strychnine poisoning in wdiiie mice and in 
the frog (liana aqualensis) are described. 

(4) The taste test and chemical and biological tests for strych- 
nine are discussed. 

(5) Factors responsible for the disappearance of strychnine from 
<*orp8es and carcasses are discussed. Of four dogs killed wdth 
strychnine and exhumed ten weeks after death strychnine w^as 
detectable in three carcasses, whilst of four carcav'^ses exhumed 
eighteen weeks after death only one was positive for strychnine. 
Eleven months after death eight carcasses of dogs killed with 
strychnine were exhumed and strychnine was detectable in only four 
of these. Subsequent exhumations of carcasses of dogs killed with 
strychnine and of control dogs are to be conducted. 

(fi) Methods of extracting strychnine from carcasses and corpses 
and of purifying these extracts are discussed. 
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(7) In fresh carcasses and corpses ihe most siiitable orf>ans for 
iiiialysis for the presence of sirycduiirie are liver, stomu(*h, spleen, 
lung and the central nervous system; also the urine. 

(<S) In two out of three dogs, which had received strycdinine a 
toiih;, strychnine was detectable in the liver and stomacli (plus con- 
t ents) . 

(9) A large number of chemical substances, which resemble 
strycduiine cbemiftally and biologi(‘ally, are discussed. 
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INTRODUCTION. 

(^ONsiDKRAHLE jmmiinence has lately heeji given to the effect of' 
adding suli)hur su})plenieJits to the diet of sheep. WJiatever the 
results may he ironi a nutritional or physiological point of vieu, 
the possible effect on the wck)!, as regards both quality and total 
j)rodu(dion, nainrally assumes importance, and should be investigated. 
This aspect was first remarked upon by Steyn (1931, 1932), who con- 
cluded that a sulphur supplement in the diet had a beneficial effect 
on the total pioduction of wool. Subsequently Seddon (1933) recorded 
that he had found no significant effect on the wool yield of sheep, 
entirely grazed, while Pierce (1933) found no beneficial effect on sheep 
kept on a maintenance ration, or one slightly above maintenance. 

The following ai*e the results of an investigation of the wool of 
sixty Merino wetheis which had received supplements of sulphur 
in various forms. The influence on the body weights of the same 
sheep has been dealt with in another publication (du Toit, Malan, 
Groenewald and Botha, 1935), where it was shown that, under the 
conditions of the experiment, the supplements had no significant 
effect on the body weiglit as compared with the control sheep. For 
this and other aspects of the question, it is only necessary to refer 
to the above ])iiblication, where full details will be found. 

EXPERIMENTAL DETAILS. 

A. Sheep and Management. 

A group of seventy-five Merino wethers, born at (Irootfontein 
between 10.3.1930 and 9.6.1930, were selected for uniformity of 
type, fleece, and body weight. They were shorn between 31.3.1931 
and 8.4.1931, and subsequently sent to Onderstepoort, where they 
arrived on 8.10.1931 as two-tooths. Here they were shorn in Decem- 
ber, 1931, and sixty of them placed on a basal ration for eleven 
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months. During this (pre-experimental) period all the sheep 
received identic^ treatment, bui were divided into six uniform 
groups and placed in a gravelled paddock with pens and boxes for 
individual feeding. At the conclusion of this period (November, 
1932), they were shorn again and placed on the same basal ration 
for a period of twelve months, during which the sheep in five of 
the groups were dosed wdth various forms of sulphur, the sixih 
group acting as a control. They were finally shorn in November, 
1933. For brevity the two periods will be called the 1932 and 1933 
periods respectively. The conditions under which the wool was 
grown may thus be summarised as follows: — 

1932 : Eleven months on basal ration. 

1933 : Twelve months on basal ration and supi)lements. 

13. Feed. 

The basal ration throughout the two periods 1932 and 1933 con- 
sisted of half a pound of crushed yellow maize and half a ])onnd of 
green feed — lucerne or maize stalks or maize ensilage during about 
three months in winter, when no green feed was available. In 
addition the animals had free and continual access to teff hay. For 
further details of the method of feeding and the consumption, as 
also of ihe general care and management of the sheep, the reader is 
referred to the j)aper quoted above (du Toit et alia, 1935). 

During the experimental period (1933) the sheep were dosed 
daily except Sundays, the following being the supplements given to 
each animal : — 

Group 1 : No supplement. 

Groux) II: 0*45 gm. cystine. 

Group III; 0*7 gm. of a mixture consisting of 0*2 gm. 

KaSOi, 0*3 gm. MgSO,, and 0*2 gm. CaSO,. 

Group IV: 0*36 gm. KCNS. 

Group V : 5*0 gm. sulphur. 

Group VI: 0*12 gm. sul|)hur. 

The quantities of sux)plements, except in the case of Group V, 
were calculated to contain the same amount of sulphur as that con- 
tained in the 0*45 gm. cystine given to each animal in Group II. 

C. Material. 

Immediately before shearing in December, 1931, a wool sample 
of about 15 gm. was cut from the shoulder of each sheep. A pair 
of fine scissors was employed, and the wool cut as close to the skin 
as possible. The area of about one and a half inches square, from 
which the sample had been cut, was then tattooed on the skin, and 
at subsequent shearings the wool growing on this area was first 
removed. In addition a further sample was taken adjacent to this 
area for chemical analysis, which is still in progress. This method 
ensured that the samples obtained at the end of successive periods 
were taken from the same area on the skin of each sheep. 
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The samples having been removed, the sheej) were shorn and 
the fleeces stored in linen ba^s for examination. 


1). Methods oe Analysis. 

(a) The grease weight, clean weioht and yield percenla^ye of the 
fleece. 

Al the time of shearin*^ each fleece was properly skirted in the 
manner customaiy in sliearin^* sheds. The skirtings w^ere transferred 
to a smoo11i-top])ed table and a^ain worked through caiefiilly — heavy 
dun^»-locks were discarded, wdiile all the lightest ])ieces that would 
blend with the fleec'e wore run in wdth the latter. Fleeces and locks, 
imli vidually , were then transferred to suitable linen bags and stored 
in a non-ventilated room. Subsequently these were weighed under 
identical conditions, due allownmo being made for the woights of the 
shoulder samples which had been removed for ])hysical and chemical 
analysis. 

For the determination ot the (dean weights and yield peioentages 
of individual fleeces, a modification (Hotha) of the method described 
by Wilson (H)li(S) was followed. The method may be summarised as 
follows ; — 

(1) Subse(pient to the weighing referred t<» above, each fleece 
was passed three times through a fiee(‘e-bi caking nui(d)ine, 
the object being to blend the various [)arts of the fleece 
thoroughly in order to enable represimtat ive samples to 
be drawn from it. 

{2) The fleece was weighed again to allow^ tor im])urities lost 
(luring the ])rocess of blending and for probable flmdua- 
tions in moisture (*ontent. 

(d) Immediately after this weighing two samples of a hundred 
grams each Avere made up of small amounts of wool, of 
a])proximately twenty grams, tnken at random from 
various j)arts of the bulk of the fleece. 

(4) These samples were next sccmred in a scouring liquor con- 
sisting of a mixture of potassium oleate soap and sodium 
carbonate. 

(5) After being allowed to become air-di y, the air-dry vreights 
of the samples, and of a standard sample of knowui dry 
weight — in hygroscopic eiiuilibrium — were recorded, 

(6) Immediately after this a sub-sample of twenty grams of 
air-dry wool was taken from the last-scoured sample of 
ea(*h fleece and dissolved in 200 c.c. N/NaOTT solution 
(i.e. 4 per cent.), in order to determine the amount of 
vegetable matter present after scouring. The clean dry 
weights of the fleeces could then be calculated and con- 
verted to clean conditioned weight at 17 per cent, regain 
(International regain). The clean conditioned weight of 
wool contained in the locks w^as obtained separately in a 
slightly modified manner. 
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Next the aiiMiry greause weight of the locks was added to that of 
the corresponding flee(;e, and similarly the clean conditioned weight. 
Eroni the resulting totals tlie weighted mean of the (M)uditioned yield 
percentage of each total flee{‘,e was calculated. 

• The grease and clean ccmditioned weights given below represent 
the mean production over twenty-four hours. 

The conditioned yield percentage is defined as the conditioned 
clean weight of the fleece ex])resse<l as a penientage of the oiiginal 
air-dry grease weight of fleece prior to machine Ireatmeiit. 

Notp:. — All grease weights have been expressed on an air-dry 
basis irrespective of actual moisture content. A higher or lower 
moisture content of the grease wool at the time of the initial weigh- 
ing would be reflected merely in a lower or higher yield ])ercen1agc. 
Su(*h ditferences in the actual moisture content of the greasy wool 
could be brought about {a) by differences in atmospheric temperature 
and humidity in the different years at the time of weighing 
individual fleeces and (/>) by the ])()ssil)ility that wdien the fleeces were 
stored in a (dosed non-vent il at ed room, equilibrium of moisture con- 
tent may not have been attained. 


It must be emphasisecb however, that, by the nature of the 
calculaticms, the result for the conditioned (dean weight remains 
totally unaftected by fluctuations of the moisture content of the 
greasy wool, no matter how^ wn’de these may have been. Even in 
the case of yield ])ercentages, differences wdll be of the order of a fc'w 
])er cent, only, since the actual fluctuations in humidity w’ill be 
comparatively small. 

(h) Mean length, thickness and 'fibre wcdglit of a sample. 

The weight-length method (Koberts, 1980), was used for the 
analysis of the sam])les. It consists briefly of (J) a method of 
sampling, (2) the counting of a number of fibres, (3) the measure- 
ment of the lengths of a certain proportion, and (4) the determina- 
tion of the dry w^eight of the fibres counted. From the data thus 
obtained the following are Valciilated : — 


Mean lengtli ; /, 

Mean thickness ! K 


iW 


X 1*3 xnxl 


W 

Mean fibre weight : 

n 

w^here TF = dry weight of the counted fibres, 
number of fibres counted, 

Z^^mean length of one-tenth of the counted fibres, 
1*3 ^specific gravity of dry wool. 


In addition, a check on the sampling and on the accuracy of the 
result is obtained in the form of a coefficient of fineness dispersion. 
It should be pointed out that Roberts expresses his results as fibre 
fineness, which is the length, in centimetres, of fibre which weighs 
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one inilligraiii. The Ihiclviiess ^iveii in this paper is the diiiJiieier of 
the hhres ealeiilated oji Uie assiiiHj>tioii lhai they are luiiforin eiri ular 
cylijulers. 

The siiiiipl<‘s were divided into (eji approximately ecjual zones, 
and ten sub-samples made up, each eonsistin^’ of one sniall look from 
each zone. 11iese sub-samples therefore eollectively consisted ot a 
hundred small locks taken from diherent points in such a way as to 
represent the wliole ot the marked area. Kacli sub-sam])le was 
analysed sej)arately, so that len difl'eient estiniates of the len^’th, 
fineness and fibre weight ot the original sample were obtained. 
About two thousand fibres iii all wore counted from each of the pre- 
ex])erimental saniples, and four thousand from each ot the exj)eri- 
mental samples, the coefficients of fineness dispersion ranging from 
one to four per cent. The length of every tenth fibre was measured, 
and the dry weights were determined by comparison with a standard 
sample ol known dry weight, th(‘ weighings being* lepeated daily 
foi* si'Ncial days in succession. 

'riie micros(‘oj)ical nietho«I ot measuring thickness (I)eurden, 
was ap])lied to a number of the samples. This method gave 
esstuitially the same results, though the values were all somewdiat 
higher; when routine analysis have to be made the authojs are 
inclined to tavoui tin* micios(*opi(*al method, especially in the ( use 
of Merino wool, w here tlie fibres are very fine. A further comparison 
ol the tw’o methods, involving measurements on about a hundred 
samples, will be res(*rved for a later ])ubli(‘ation. 


RESULTS AND STATISTICAL ANALYSIS. 

Ifelow are given the group means for the two ])eiiods, and 

Ifidd. A method of analysis of variance and co-variance (Fisher, 
has been employed to test the significan(*e of giou]) differences. 
It is realised that in connection wdth w’ool a very large ])ro])ortion of 
the variation between dilferent shee]> under similar conditions is due 
to what may be described in general terms as individuality, and ivS 
independent ot normal nutritional treatment. This part of the 
variaiK'e of values of the ex])eri mental period may be regarded as 
having been foreshadowed in the values of the ]>re-experimental 
period. The a])pro])riate coefficient of linear regression is given by 
tlie i*atio of the co-variance to the variance of the independent variate, 
whi(*h in this case is the variance in the preliminary values. 


(a) Crrease weights of the fleeces, in gm. calculated for one day\s 
growth . 


Group. 


II. 

III. 

i 

1 

1 IV. 

1 

V. 

1 

Mean. 

1932 

1 

10-7 

10 7 

9-6 

10-8 

9 9 

\ 

10 8 

10 4 

1933 

14 2 

14-3 1 

12 9 

14 0 

13 7 

14 0 

13 8 
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The sums of squares and products are j^iven in the followings 
table. 

a ?2 — Grease weight in 1932. 
a*8 — Grease weight in 1933. 



Degrees of 
freedom. 


•Va 

r 2 

Xj, 

Between groups 

6 

12 51 

10-25 

10-92 

Within groups 

47 

73 43 

76 56 

124 03 

Totai 

52* 

85 94 

86-80 

1,34-95 



■— -TT’-- 

' 



* There was one value missing in each of the two years. These wore supplied by cal- 
culating the best-fitting \aluo from the data for three years (Yates, 1933). This accounts 
for the fact that these is one degree of freedom less. 


The result of af»plying the correction for the regression, as 
exjdained above, and analysing the variance of the adjusted yields, 
may be derived directly from the analysis of sums and products 
already j)resented. If h stands for the regression coefficient, com- 
parisons of the adjusted values will be comparisons of quantifies 
Now 

(,^3 - ^ -f . 

In the prevsent example, 

6 -. 1 0425 
- 25 - -2 0850 
62--:-1-08G8 

and applying this diretdly to, the sums of stpiares and i)roducts above, 
the following analysis is obtained. 

Analysis of adjusted grease weights : — 



Degrees of ! 
freedom. 

Bums of 
squares. 

Mean 

squares. 

Between groups 

5 

3-1446 

0-6289 = Vj 

Within groups 

46* 

40-973 

0-8907 = Vj 

Total 

51 

44 1176 

.... 
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The ratio K- I j/l’a is used to tiud the sigiiihcaiice of the 
difference between flie two variances (Snedecor, 19^4). lii the 
present case, 




8907 

6289 


1*410, 


H, --- 40, 


^2 -=0, 

whi(*h is very insignificant and does in)t indicafe any differential 
effect between the treatments. 


(h) Clean weights of the fleeces in gianis, calculated for one 
day’s growth. 


(Jroup. 

1932 

1933 


'■ 

n. 

Til. 

1 

i 

V. 1 

VT. 

Mean. 

1 ! 

1 4 76 1 

! 

4 86 1 

4 53 

4 94 1 

4 60 

5 23 

4 82 

' 6 47 

6*63 

1 

6 26 

1 6 r>9 ! 

6 55 

6 86 

' 6 t'iH 


The same proceduie has been followed in analysing the clean 
weights, with the fidlowing results: — 

.?/2 - clean weight for 19»‘12. 

. 7 ;, - clean weight for 19rh‘{. 


Sditfs (ff Stjitares and Pri>d\iris. 



1 )egrces of 
freedom. 

! 

{>2* j’ 


Ih^ 

- 



- 


Detwi'cn groups 

o 

2 8718 j 

1 9453 

1 6702 

Within groups 

47 

17 8063 

16 8198 

1 30 2822 

T\)TA1 

52 

20-6781 ; 

18*7651 

j 31 -9525 


. 





6 = 0*9446. 


Analysis of Adjusted Vain vs. 


Variances. j 

j 

Degrees of 
j freedom. 

8um of 

1 S(juares. 

! 

Mean 

Squares. 

1 

Between groups 

5 

0*5576 

011J5 

Within groups 

46 

14*3942 

0*3129 

Total 

51 

14'U518 

— 


= 2*806. 
Tlj rr= 46. 

= 6 . 
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There is ajrain no significant difference between the variances and 
consecjuently there is no reason for assuming that the clean weights 
were affected by the sulphur supplements. 


(c) Yield per cent, of the fleeces: — 


Group. 

1. 

11. 

III. 

TV. I 

V. 

VI. 

1932 

44-5 

45 7 

47-4 

45-9 

46 5 

48] 

1933 j 

45 S 

1 45-6 

48-7 

47 3 

1 48 0 

i 

49-2 


From the above analysis it is clear that no significant value a^ 
regards yield per cent. (;an be expected. 

^2 -yield 2 )er cent, for 1932. 

5^3== yield j)er cent, for 1933. 


Sums of Squares and Product s. 



Degrees of 





freedom. 

22 

224-3 


Between groups 

5 

77-52 

86-23 

107 31 

Within groups 

47 

841 27 

556-30 

601 60 

Total 

52 

• 918-79 

640 53 

708 81 



> 

! 


b = 0-0601. 

Analysis of Variance of Adjusted Values, 


Variance. 

Degrees of 
freedom. 

Sums of 1 

squares. 

Mean 

squares. 

Between groups 

5 

28 5733 

6-5147 

Within groups 

46 

234-946 

5-1076 

Total 

51 

263-6193 

— 






n = 1 -0797. 

Hi == 6 . 

Wj == 40. 

As was expected, the variance between groups is not significantly 
differeiTLt from that within groups. 
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{(1) Memi fibre length tn cm. ejaculated for 80 days' growth. 


Group. 

1 

JI. 

iir. 

1 

IV, 

1 

! “vr 1 
1 

! VI. 

i 

Mean. 

1 

1932 

0-791 

0-809 

1 

1 0-820 1 

0-824 1 

1 

0-829 

0-820 

0-814 

1933 

0-909 

0-944 

0-968 1 

1 

0-981 

i 

0 954 

0-95.5 

0-950 


Analysis of Vcfruince. 
leiioih, /,__1983 leugtli. 


Sums of Squares and Prod acts. 




u. 

1 2 
h 

Between j'roups 

! 

1 7,866 3 

10,769-1 

25,635 0 

Within grnupM 

! 122,135 4 

j i 

118,446 8 

192,028 ({ 

Total 

! 130,001 6 

I i 

129,215 9 j 

! 

217,663 6 


b =. 0 -993i). 


Analysis of Adjusted Values. 


Variance. 

Oegroes of ' 
freedom. ! 

1 

Sums of 
squares. 

Mean 

square^. 

Betw'een groups 

1 

i 

11,998 5 

2,399-7 

Within groups 

39 1 

1 

1 

! 

74,307 6 

1,905 3 

Totai 

1 

i 

44 1 

1 

86,306 1 



1 



R ^ I -259. 
wj r>, 39. 


In the case of therefore, this value shows 

that the variance between groups does not dilfer from tljat within 
groups. 
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(e) Mean fibre thichneHs in fx (weiijhf -length wethod). 


CJroup. 

1. 

11 . 

III. 

IV. 

V. 

VI. 

Mean. 

1932 i 

15-65 

15-86 

16 29 

16-82 

14 93 

16-69 

15 62 

1 

1933 

17-66 

17-86 

17 13 

17-90 

17-22 

17-66 

17-55 


Analgsia of Varianee, 
/y_]932 thi(‘l\iiess, -- 19'3»3 thickness. 

Suni,^ of Squares and Product a. 



f 2 


f 2 
'3 

Between groups 

4-5405 

1 

3-8621 

4 0138 

Within groups 

46-4337 

42 2156 

53 9736 

Total 

50 9742 

46-0777 

57 9874 






„ . 


6- 0-9094. 


Analysis of Adjusted Values. 


Variance. 

Degrees of 
freedom. 

Sums of 
squares. 

i 

Mean 

squares. 

Between groups 

6 

0-7443 

0-1488 

Within groups 

39 

15-6721 

0 3993 

Total 

44 

16-3164 

— 

— 


1 1 


== 2-683. 

'/Ij — 39; W2 ^ 


Here the same result is obtained as in the case of all the^ 
attributes studied, viz., no significant difference between groups. 
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{f) Mean fibre weight in. JO”® gni., calculated foe -30 day's growth. 


Group. 

1. 

11. 

111. 

IV. 

V. 

VI. 

Mean. 

i 

1932 

1-98 

2 09 

1 -96 

2 09 

1 

189 

1-98 

2 00 

1933 

2 91 

3 07 

2 89 

317 

2 90 

2-90 

2 97 


Analysis of Variance, 

^^2 ^ 193L* Avei< 4 lii, i/’a 1933 weiglit. 


Sunils of Sifuares a^nd Products. 




w’aM’s 


Between i?ronps 

22 165 

29 595 

51 901 

AV’ithin groups 

359 795 

349-533 

630-623 

Tot AT i 

1 

' 3«1 960 

. 

379 128 

682-524 






b 0 9715. 


Analysis of Adjusted Values. 


Variance. 

i 

1 

i 

l)egr(*es of 
freedom. 

Sums ot 
sqiiart‘s. 

Mean 

squares. 

Between groups 

! 

5 

15 318 

3 -0636 

Witluii grouiTH 

1 

j 

39 

291 059 

1 7 4630 

Totai 

.... f 

44 I 

306377 

1 “ ■-2__ " 


.1 


H 1 - 2 43fi. 

Ill -- 39, 112 “ •">. 

Here again as in all the previous eases theie is no suggestion oi 
an> response to the sulphur supplements, as regards mean fibre 
weight of the samjdes. 

It will be noted that in all eases the variance between groups does 
not differ 8ignifi(*antly from that within groups. One is therefore 
led to the eoncdusion that under the conditions of the experiment, 
neither the fleece as a wdiole nor the fibres of a shoulder sample show 
any indication of having been affected by the supplements. 

SUMMARY AND CONCLUSIONS. 

(1) Six groups of young w’ethers w^ere kept on a production 
ration for two years. l)iiring the second year five of the groups 
received supplements of sulphur and of compounds containing 
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sulphur, the sixth group acting as eonirol. The grease weights,, 
(‘lean weights, and yield percentages of the fleeces, and the mean 
fibre lengths, mean fll)re ihickness, and mean fibre weights of shoulder 
samples were determined. 

(2) The sheep were fed in individual feeding boxes, exc(*])t for 
the hay, which was given ad Uh. 

(d) The following supplements were dosed daily, exce])l Sundays: 

(Iron]) I : No supplement. 

Group II : Cystine. 

Group 111: Sul])hatea. 

Group IV: KCNS. 

Group V : 5 gm. sulphur. 

Group VI: 0 12 gm. suli)hur. 

(4) There was no significant difference between the groups, sliow- 
ing that there was no res])onse to any of the suijploments, as regaids 
the above-mentioned wool attributes. 
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Studies in Mineral Metabolism XXXIIL 


Iodine in the Nutrition of Sheep. 


SECOND REPORT. 


By 

A. I. MALAYS, J).Sc., Jiioclieiinst, Ondt^istepoort, 

l\ J. ])L' TOIT, Di'.lMi., J)r.Mp(l.Ve1., D.Sc. (Ayric), Direilor of 
\eU*rinniy So rv ices, and 

J. W. (tI{( M^].\ KW A liJ), I).S(*. (Aj^ik ), Research (Rticei, Ondersle- 
poori. 


1 xN'rUOJ)! ( TION. 

In 19d*J a Iwo-year ex])erinieiif carried out at thi> Institute oji tlie 
eflect of -0:^ ^rn. Rotassium I^xlide daily per liead in the ration 
of three j>'roii}>> of ewes kept on diftVient levels of phos])lioius intake 
was repotted on. The ioditle was apparently without effect on the 
^•rowth, food consiinijttioii, nool o-rowth and mortality. In regard to 
rejtioductioii detrimental effects were itoticed durinp^ the second 
lamhiiij>‘ season, 1() months after the l)ej>:ir.nittf.»* of the Invest i<^ation 
in the ^Toiips receiving- the iodide and the inference was made that a 
daily dttse of 02 ^*in. KI had a detrimental effect in 1901. Memtion 
was made of the ])ossibility that a smaller dose of KI mi^ht not have 
produced harmful effects and tliat a new ex])tMainent had been started 
in whi(*h pro,i»*ressivol v larger doses of KI were given to different 
grou])s of ewes to investigate ihe matter (if size of dosage and its 
effect. The latter exjierimoni is reported on in this jniblication . 

A study of tlie literature reveals that iodized sto(*k li(*ks aie still 
widely recommended by investigators who (daim to have obtaiitod 
g(Kid results from Iodine feeding (Mason 193d, Weiser and A^eghelyi 
1932, Klein 1933, Wendt 1931, Potter rf al 1931, Scharrer 1933, 
et(*.), although it should also be mentioned that several research 
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workers have not been able to obtain beneficial effectvS (Crichton 
19‘-U, Malan, du Toit, and (iioenewald 1982, Linos Lorbes, 

Karns H al 1982, eic.). Some of these latter workers sug’^est tbat 
the indiscriminate use of iodine in sto(*k licks may even affect stoc^k 
detrimentally; Crichton concludes that our jiresent state of 
knowledge does not warrant tl)e general piactice of feeding supple- 
mentary iodine to cows. As a careful survey ot‘ the literature 
strongly suggests that rej)orts of adverse results of iodine feeding 
are, generally speaking, on the incToaae, the above conclusion of 
(hichton sliould, in the opinion of the writers, be made to apply to 
slock generally and even to poultry. While evidence against iodine 
feeding is accumulating, practical agriculturists would be wise to 
pause in order to consider wheiher the inclusion of iodine in their 
supplementary feeds is worth the extra cost of this product. Il 
should how'ever he mentioned, as was done in the first publication 
(Malan, du Toit, and (iroenewald, 1982), that the c(»ntinuous use of 
small quantities ot iodine in stock licks or feeds has not been demon- 
strated conclusively to be deiiimental to the health or production of 
stock, and that this and the hope of producing l)eiieficial eflects are 
probably the main (‘aiises of the continued use of iodine in stfx k 
licks and supplementary feeds. 


By iodine feeding is meant the inclusi<m of iodine or its 

compounds in licks and feeds of livestock as advised by many 
enthusiasts without consideration of the existence of an iodine 
deficiency, under which conditions, as for instance in areas where 
endemi(t goitie ocmirs, it seems more than reasonable to expect 

beneficial results from the addition of iodine to the daily ration ol 
animals. Most of the work done on this problem dealt with the 

effect of iodine feeding without regard to the existence of an iodine 

deficiency and was iiudertakeu with the intention of finding out 
whether or not any extra benefit will accrue if iodine is given to 
stock apart from the question whether extra iodine over and above 
that which the constituents of the ration contain, is required, No 
attempt is therefore made to keep the iodine (jonterit of the ration low, 
winch obviously might vary for different countries and may explain 
partly the differences in the results obtained by different workers as 
stated in the earlier publication (Malan ei al 1982). 


Tt is interesting to note that the <‘heinical analyses of foodstuffs 
do not always confirm the existence of an iodine deficiency in goitious 
iueas (TJeko 1982, BJom 1988) and strengthens the view that endemic 
goitre cannot always be attributed to iodine deficiency^ pvr »vc (Tfeko 
1982, Oleseu 1988). However, low’ iodine in foods i« usually asso- 
ciated with the occurrence of goitre. 


Desciup'jion ov Experiment. 


Forty uniform two-tooth merino ewes wert' scdected and divided 
intp four groups. I'hese animals w’ere kept in a small gravelled 
paddock 60 ft. by 00 ft. Individual feeding pens w’ere built in an 
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pafldo(*k where the animals were allowed to take their 
eoueentraies and ^reeu teed during the early afternoon and overnight. 
During the rest of the day they were kept in the larger paddoek 
mentioned above. Across this paddock is a shed for shelter and a 
hay rack about (>0 feet long, where the ewes had free ac(‘ess to bay 
regularly rej)lenished. Drinking water was always available. 1'he 
green teed and the concentrates were given in sej)arate wooden boxes 
in the individual feeding jiens. Food consumption was registered by 
weighing back at intervals the feed left over, although the ration 
was such that it was almost invariably completely consumed as stated 
later in this article. The sheep were weighed at moiitbly intervals, 
shorn four times in the course of the ex])erimeiit, inspected daily, 
kej)t practically free from internal parasites throughout the (oiirse 
of the exiierimeiit and dipped against keds on a few occasions. The 
tleec'es were kejit for diifeiential study, and oliservat ions on oestrum 
were made regiilarl.\ . No attemjd was made to exercise the sheej) 
and this was considered unnecessary in view of the frequent 
distuihance of the sheej) at weighing time, feeding, oestrus and 
geueial ins|)(M*tion. 


Fvediufj. 

All the sheej) weie given the same basal ration, viz. — 
grins, (rushed yellow' maize; 
grins green feed. 

Hay ad hi. 


The maize and gieen teed were given daily in small separate 
wooden boxes in the individual feeding j)pns. Tetf hay was gi\eu 
in a rack ad hJ>. and the total coiisumjition recorded, fr<nu which it 
aj)j)eared ihat each sheej) consumed on an average 2 lb. of hay daily. 
The K1 was given in solution l)y adding it to the maize wdiicli, as 
already staietl, was consumed without excejitioii. The stock solution 
of K1 contained 10 grins. KI per 5,000 c.c. solution and was given 
to the gr()ui)s as follow's: — 

Cirouj) I — controls — lUM-eived no T\1 solution. 

(irou]) II received 1 c.c. Kl s^olution, i e. (102 gm. KJ. 

(jrouj) 111 r(‘ceivi*d 10 c.c. K.l. solution , i e. *0:2 gm. K.l. 

(froup IV re('ei\ed dO c.c. 1\ 1 solution, i.e Oti gm. Kl. 

The ration was adequate foi growth and the sheej) remained in 
j)rime condition ex(*e])t during lactation when insufficient jirotein was 
present and consequently a rapid drop in weight took jilace. This 
statement is (‘ontirmed by a glance at the W'eight (‘urves of the sheep. 

The green feed (*onsisted of green lucerne, or green maize or 
barley or even silage dejiending on the green feed available, which 
w'as cut and then given. The green feed was not always readily 
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•eaten but the total quantity left over a period was ne^lij^ible. For 
instance, the niaxiinum amount of j^reen teed left by an animal for 
the whole period March, 19J12, to October, 1934, was about 10 kg’, out 
of the total of 104 kg. given and hence a (omplele record of the 
^reen feed left is omitted from this publication. In any case the 
g:reen feed was incduded in the basal lation not on account ot‘ its 
feeding value, i.e. the nutrients it contained but to eliminate vitamin 
A deficiency, the effects of which mighi interfere with the course of 
the experiment or at all events can easily be made io appear in sheep 
Riid cattle kept on a dry ralion for a period (du Toil et al 1935). 

Practically all the green fee«l that was not eaten was left during* 
the rainy period October, 1933, anti) April, 1934. ' The feeding boxes 
were not protected against rain and tlie green feed was invariably 

left untouched and was weighed back as “ not eaten after precipi- 

tation. The average c[uautity of green feed left per shee]) ])er group 
<luriiig tJie ex])eriment was as follows: — 

(xroii]) I — controls: 4*5 kg. 

Oroup H — receiving 002 grin. Tvl : 4*4 kg. 

(xroup 111 — receiving *02 grm. Kl : ri G kg. 

(xroiip iV — re(‘eivipg -OO grm. KT : 4*4 kg. 

These figures may be worthy of record but the group differences 
nre certainly insignifi(^ant. 


Wf'ifjhinf/, 

33ie records of the monthly weights of the four groups of shee]) 
are given in figures 1, II and 111. The weight curve of the (onirol 
group is given in each figure for (*omparison. 
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The uiiiiiials were weighe^l in the inorniiin' atler lliey had been 
kej)! away from water and hay tor about. 15 hours and this method 
was found to be very vsatisfactory for reeordiufj^ correct wei^i^'hts when 
weighing only once per month. 

A glance at figures 1, II and 111 reveals the fact that significant 
differences in the weight curves of the sheep are absent, A])parently 
therefore different quantities of K1 were without effect on the weight 
increase of the sheep. I'he remarkably sudden diops in weight from 
August, 198d, and again from July, ifKf4, were due to lambing and 
subsequent lactation which, will be dealt with more fully under 
reproduction. During these periods the decreases in weight were 
apparently not affected by the KI present. 
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Wool Produced, 

A record of the wool produced in 1931, 1932 and 1934 respec- 
tively, eacdi calculated on the basis of 305 days’ growth, which can be 
done, as the annual growlh of w'ool, according to Bosnian (1935), 
takes place im)portionatel> ibroughout the year, pjovided the condi- 
tions of feeding are not changed, is given in the table below: — 

Table I. 

Wool Production (grains) per 305 days. 

(Olean weights expressed on dry basis and grease weights on 

airdry basis.) 


Group 7. 



Grease weight, 


Grease weight. 


Grease weight, 

Experiment 

No. 

1931. 

Clean 

1932. 

Clean 

1934. 

Pro- 

dry 

Experimental 

dry 

Expcriini*ntal 

experimental 

weight. 

period 

we'trht. 

period 


period. 


Ist year. 


3rd year. 

.12882 

3,878 

I,.556 

3,474 

1,347 

owe died 

32889 

4,119 

1,692 

3,713 

1,.538 

3,438 

32897 

4,045 

1,703 

3,688 

1,674 

3,287 

32898 

.3,612 

1,608 

3,r»50 

1,547 

3,080 

32905 

4,626 

1,833 

4,002 

1,602 

:i,515 

32886 

3,617 

1,499 ! 

3,435 

1,365 

3,421 

32913 

3,878 

1,617 1 

3,807 

, 1,467 

ewe died 

32914 

3,491 

1,760 

3,295 

1,544 

3,105 

32921 

3,964 

1,784 

.3,081 

1,441 

ewe died 

32890 

4,097 

1,858 

ewe died 

— 

- 

Totai 

39,218 

16,810 

‘ 32,045 

13,425 

19,849 

Average 

3,922 

1,681 

3,561 

1,492 

3,308 


Group 11, 


Experiment 

No. 

Grease weight, 
1931. 

Pre- 

experimental 

period. 

Clean 

dry 

weight. 

Grease weight, 
1932. 

Experimental 

period 

Ist year. 

Clean 

dry 

weight. 

Grease weight, 
1934. 

Experimental 

period 

! 3rd year. 

32883 

3,370 

1,402 

3,476 

1,435 

3,239 

32888 

4,242 

1,822 

3,702 

1,600 

3,459 

32891 

4,331 

1,868 

3,844 

1,676 

3,049 

32896 

3,687 

1,560 

3,239 

1,443 

2,877 

32899 

4,281 

1,832 

3,917 

1,763 

ewe died 

32904 

3,950 

1,839 

3,459 

1,388 

3,328 

32907 

3,342 

1,420 

3,467 

1,514 

3,207 

32912 

3,833 

1,626 

3,608 

1,386 

ewe died 

32915 

3,588 

1,619 

3,250 

1,417 

2,376 

32920 

3,503 

1,431 

3,313 

1,316 

ewe died 

Total 

38,027 

16,319 

36,176 

14,838 

21,535 

Average.. . . 

3,803 

1,632 

3,518 

1,484 

3,076 
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Group 111. 



Grease weight, 


Grease weight. 


Grease weight. 

Experiment 

No. 

1931. 

Clean 

1932. 

Clean 

1934. 

Pre- 

dry 

Experimental 

dry 

Experimental 

experimental 

period. 

weight. 

period 

Ist year. 

weight. 

period 

3rd year. 

32884 

3,876 

1,824 

3,126 

1,374 

3,489 

32887 

3,778 

1,909 

3,052 i 

1,532 

2,998 

32892 

4,428 

1,889 

3,936 

1,565 

ewe died 

32896 

3,464 

1,632 

2,747 

1,333 

2,658 

32900 

3,583 

1,503 

3,417 

1,476 

3,476 

32903 

4,676 

1,722 

4,596 

1,761 

3,384 

32908 

3,400 

1,465 

3,358 

1,187 

3,381 

32911 

3,642 

1,667 

3,175 

1,290 

2,809 

32916 

4,035 

1,708 

3,444 

1,428 

2,851 

32919 

4,12J 

1,672 

3,202 

1,329 

3,450 

Total 

38,99J 

16,991 

34,063 

14,275 

28,495 

Average 

3,899 

1,699 

3,406 

1,428 

3,166 


Group IV. 


Experiment 

No. 

Grease weight, 
1931. 

Pre- 

experimerital 

period. 

Clean 

dry 

weight. 

Grease weight, 
1932. 

Experimental 

period 

Ist year. 

Clean 

dry 

weight. 

Grease weight, 
1934. 

Experimental 

period 

3rd year. 

32885 

4,409 

1,893 

3,886 

1,700 

3,839 

32906 

3,466 

1,496 

3.254 

1,274 

2,871 

32893 

4,104 

1,691 

3,539 

1,535 

3,347 

32894 

4,049 

1,674 

3,479 

1,399 

3,208 

32901 

4,398 

1,794 

3,618 

1,356 

3,798 

32902 

3,330 

1,482 

3,133 

1,214 

2,041 

32909 

3,746 

1,674 

3,196 

1,325 

3.081 

32910 

3,808 

1,572 

3,063 

1,158 

3,173 

32917 

3,501 

1,472 

2,711 

1,140 

2,514 

32918 

4,201 

1,916 

3,714 

1,680 

4,094 

Total 

39,011 

16,663 

33,693 

13,781 

31,966 

Average 

3,901 

1,666 

3,359 

1,378 

3,197 


The 1931 and 1932 fleecesi were sroured to obtain the weightvS of 
( lean wool hut as these results are entirely insignificant when the 
wool pioduction of the dilferent groups is" compared for these two 
seasons, i.e. when no iodine was given (1931) and when iodine w\os 
given (1932) scouring the wool was discontinued and only the grease 
weights for 1934 are given. The amount of wool produced in 1933 
was unfortunately not registered. A statistical analysis of the 
weights of wool produced revealed no significant difference. As a 
iuatter of fact the weights are lemarkably constant. In the entire 
absence of significant differences in the weights of w^ool produced 
by the groups receiving KI when compared with the control group 
and with the wool weights prior to KI feeding it may reasonably 
be concluded that the quality of the wool was not affected by the 
feeding of KI to the sheep (Bosman 1935). 
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A siiiDinary of the wool productioji data appears in Table 2, 
which represents the wool production of the different groups during 
each of Ihe four years that the sheep were uiideT" observation. This 
table gives the results of wool production at a glance. 


Table II. 


Averaije Wool Production of Groups {grams). 


Group I 
Group 2 
Group S 
Group 4 



1 

Supplements. 

1931 clip. 

1932 clip. 

1934 oli 


No iodide 

3,922 

3,661 

3,308 


■002 gm. KI. 

3,803 

3,518 

3,076 


•02 gm. KI. 

3,899 

3,406 

3,166 


•00 gm. KI. 

3,901 

3,359 

3,197 


Reproduction, 

In the last publication (Malan et al 1932) it was concluded that 
•02 grm. XI had detrime'ntal effects on reproduction and it was 
furilierniore suggested that limiting factors such as phosphorus 
deticieiicy might intensify the effects of iodine feeding. In that 
experiment it appeared that the sheep on the lowest phosplirous 
intake and given KI aborted sooner and produced less live lambs than 
those oil a higher V intake during the second landiing season. Iilven 
in the Kl group receiving adei[uate phosphorus abortions occurred 
and lambing was a failure. 

In considering the available data and the ill effects of Kl the 
authors state the following: “ Whether the detrimental effect was 
entirely due to the iodine administered is difficult to state positively, 
hut that the iodide seemed to aggravate the state of atfairs is almost 
a certainty, and apparently much more so in tlie group receiving a 
minimum of phosjihorus in its ration.’’ Subse((uent work has 
revealed that vitamin A deficiency was an additional limiting factor 
and that, just as P deficiency apjreared to exaggerate the effects of 
iodine feeding so vitamin A deficiency most probably acted similarly. 
The work on vitamin A deficiency which is in the course of being 
published reveals an interesting fact, viz. that in the experimental 
feeding of cattle and sheep, especially in exi>eriiuents on initieial 
metabolism where purified foods are often given, jrrovision has to he 
nrade for the adequate supply of vitamiu A. If this is not done 
complications in reproduction may be anticipated. 

On looking at the lambing charts of the present experiment in 
the light of the earlier work (1932) it must be remembered therefore 
that the results in the earlier work were complicated by a vitamin A 
deficiency which was eliminated from the latter work and which most 
probably intensified the results obtained in the earlier experiment. 

With regard to the observations on oestrum, fuller details of 
which will be published at a later date, it should be mentioned that 
the iodine supplements were found to have no significant influence on 
the occurrence, periodicity or the duration of oestrum. 

The lambing charts for 1933 and 1934 are given in tables III 
and IV below. 
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Table III. 

Lambing Chart, 1933. 


No. of owe 
and group. 

Gestation 

period, 

days. 

Details about lamb 
at birth. 

Weight 

Kg. 

Weight of lamb after 1 month. 

Group I. 
32882 
32889 

32897 

32898 
32905 

32886 

32913 

32914 
32921 

Avekages . . 

149 

148 

147 

151 

151 

154 

147 

151 

158 

149 8 

Normal lamb 

i» >» 

»> j» 

»> »» 

»» >» 

»» »» 

Dead lamb partly 
decomposed 
Average weight.. 

2- 7 

3- 9 

4- 4 
4-2 

3 4 

3-6 

2 7 

3 2 

3 o 

Died of hunger 7 davs after birth. 
7-2 Kg. 

9-4 „ 

7- 9 „ 

Lamb died 3 days old. Ewe no 
milk. 

10 -2 Kg. 

6-3 

8- 4 „ 

Lamb dead. 

Average weight 8*2 Kg. 

Group IL 
32883 
32888 
32891 
32896 
32899 
32904 

32907 

32912 

32915 

32920 

Averages, . 

155 

152 

150 

152 

147 

150 

152 

150 

154 

151 -3 

Lamb born dead. . . 

Normal lamb 

Ewe died ])regnaTit 
Normal lamb 

»» »» 

>> 



! Av'erage weight.. 

4-6 

4-0 

4 0 

4 7 

3-4 

4 2 
3-4 

2 7 

3 7 

3 9 

Lamb dead. 

6-5 Kg. 

9 3 „ 

Ewe dead. 

Died of hunger. Ew*e not enough 
milk. 

Died of Hunger. Ewe no milk. 

5 Kg. 

6 1 Kg. 

Lanid died of hunger. 

Average weight 6-7 Kg. 

Group 111 . 
32884 

153 

Normal lamb 

3-6 

8 2 Kg. 

32887 

149 

,, ,, 

3 7 

6 7 

32892 

152 



4 6 

10 „ 

Lamb died 3 days old. Ewe no 

32895 

152 

j 

i 3 8 

32900 

150 

»> »» 

i 3 7 

milk. 

Lamb <lied shortly after birth. 

32903 

1 152 

,, ,, 

3 8 

Lamb died „ ,, 

32908 

! 153 ; 

Born dead 

4 9 

,, dead. 

Lamb dead, wrong preset avtion. 

32911 

149 

l)vst<>kia 

4-8 

32916 

151 

Normal lamb 

3-2 

10 Kg. 

32919 

152 

1 

3 5 

5 9 „ 

Averages . . 

151-3 

Average weight.. 

4 1 

i 

Average weight 8 2 Kg. 

Group I\\ 
32885 

150 

Normal lamb 

3-7 

9 3 Kg. 

32906 

151 

>» >» 

3-8 

6 2,. 

32893 

149 

♦» 

4 0 

9 1 „ 

32894 

149 

»» »» 

4 5 

8-8 „ 

32901 

149 

tf 

3-0 

7-9 

32902 

149 

»» ft 

4-7 

10-2 „ 

32909 

153 

ft ft 

4-7 

8-4 „ 

32910 

153 

,, ,, ...... 

4-0 

8-6 „ 

32917 

151 

,, ,, ...... 

3 5 

8-1 „ 

32918 

147 

»* ft 

4-1 

7-9 „ 

Averages « . 

150 1 

Average weight.. 

4-1 

Average w'oight 8-2 Kg. 
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Table IV, 


Lambing Chart, 1934. 


No. of ewe 
and group. 

Gestation 

period 

days. 

Details about lamb 
at birth. 

Weight, 

Kg. 

Weight of lamb after 2 months. 

Group L 




Dead. 

32882 

150 

Dead lamb 

3-0 

32889 

153 

Healthy lamb 

2-9 

6-8 Kg. 

32897 

154 

f* ...... 

3 4 

Died, age 3 days. Ewe no milk. 

32898 

145 

...... 

3 6 

7-7 Kg. 

32905 

149 

,, ff ...... 

2-3 

10-4 „ 

32886 

150 

n »> ...... 

2-7 

Died, 3 days old. Ewe no milk. 

32913 

149 

»» »> 

3-0 

Died, 2 days old. Ewe no milk. 

32914 

156 

ty >• ...... 

3-4 

10-4 Kg. 

32921 

owe died 

— 

— 

— 

Aveeaoes . . 

150-8 

Average weight.. 

3 2 

Average weight 8-8 Kg. 

Group JI. 





32883 

159 

Dystokia 

3-4 

Died shortly after birth. 

32888 

152 

Healthy 

3 1 

91 Kg. 

328»1 

149 

3-6 

6 6 

32896 

160 


3 3 

Died, 21 days old. Ewe not enough 

32899 

ewe died 



milk. 

32904 

150 

Healthy 

3 3 

10 4 Kg. 

32907 

149 

ff 

3-5 

Died, 12 days old. Dipping acci- 

32912 

148 


3-6 

dent. 

Died of hunger, Ewe no milk. 

32915 

161 

»» * 

3 3 

Died of hunger. Ewe not enough 

32920 

148 

Dystokia 

3-9 

milk, s 

Dead shortly after birth. 

Averaoes. . 

151-8 

Average weight.. 

3-4 

Average weight 8-3 Kg. 

Group III, 
32884 

No lamb 

• 

No lamb 


No lamb. 

32887 

160 

Healthy lamb 

3-0 

Died 2 days old. Ewe no milk. 

32892 

149 

»» 

4-1 

Died. Ewe no milk. 

32895 

148 

ff ff ...... 

4-0 

10-9 Kg. 

32900 

160 

»» «» 

3-3 

Died 24 days old. Ewe not 

32903 

148 

Dystokia 

4-3 

enough milk. 

Died shortly after bu*th. 

32908 

148 

Healthy lamb 

3-9 

6-8 Kg. 

32911 

147 

Dead lainb 

31 

Dead. 

32916 

149 

Healthy lamb 

3 2 

6-8 Kg. 

32919 

No lamb 

No lamb 


No lamb. 

Averages. . 

148-6 

Average weight.. 

3-6 

Average weight 8-2 Kg. 

Group IV, 





32885 

144 

Healthy 

3-7 

Died 2 days old. Ewe no milk. 

32906 

160 

»» 

3-6 

7-7 Kg. 

32893 

150 



3-8 

6-4 ., 

32894 

148 

ff 

3-6 

7-7 „ 

32901 

135 

99 •••»••#•*•• 

2-9 

10-4 

32902 

160 

t* 

3-4 

Died 19 days old. Ewe not 

32909 

148 

ty 

3-6 

enough milk. 

10-4 Kg. 

32910 

149 

»» 

3-6 

Died 1 day old. Ewe no milk. 

32917 

150 

»» 

3-3 

7 -3 Kg. 

32918 

145 

»» 

3-4 

Died 2 days old. Ewe no milk. 

AVERAaBS. . 

146-9 

Average weight.. 

3-5 

Average weight 8-3 Kg. 
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Several interesting points are brought out in the lambing charts. 
In contrast to the lambing results reported in the earlier work where 
a vitamin A deficiency was prevsent, no abortions took place. 

It is noteworthy that Bekker (1931) also repoiied abortions 
subsequent to feeding K1 to sheep. The dose ( 070 gm.) given was 
slightly larger than that of Gioup IV ( •()() gm. Kl) and what appears 
to be mure important, pregnancy and lambing occurred during a 
period of drought when the vitamin A conlent of the pasture was ai 
its lowest. The probability of abortions after KI feeding during 
droughts has an important practical aspect and seems 1o jusiify 
f urt her i n v estiga 1 ion . 

Four full-time and overiime foelusses were born dead in July, 
1933 and two in 1934 oul of a tolal of 3(S and 30 pregnani ewes 
respectively. The gestation periods duiiag botli seasons were 
apparently unaffected by the Ivl suiJplement. I'f either the birth 
weights of the lambs nor their weights at tlie time of their discharge 
from tlie exjieriments showed any significant group dilfeiences. The 
number of lambs that died of hunger dtiring liotli seasons on account 
of la(‘k of milk is lemarkable. I'his number appears to be sigiiifi- 
(‘antly I ess in Grou]) IV' in July, 1933, but not so in July, 1934, and 
there is not enough evidence that any one group did 'better than the 
othej' in this respe(‘t. It was noticeable indeed that the ewes, while 
lieing in excellent condition at lambing lost weight very rapidly 
during lactation and I hat in a remarkable number of (*ases they had 
no milk or not enough to k(‘ep the lambs alive. A protein deficiency 
was suspected during this period and the matter is being further 
investigated. 3’lie number of deaths of lambs in the sejiarate grou])s 
is, however, not sigiiifi(*antly different and it can only be concluded 
that the KI suiiiilement here too uas without effect. Apparently 
tlieref(u*e no visildy detrimental effects of iodine feeding was 
ex])eriejiced in legard to reproduct ioii, nor can it he said that the 
iocline acted heneficially. 

After the removal of tlie lambs at the age of three months the 
ewes dried off and dire(d]y began gaining in weight without (hange 
of diet. 


Sx MM VRY AND CoNCnUSlONS. 

] . Data are presented on the effect of Kl in the feed of 40 merino 
ewes for a period of 30 months. 

2. The quantities of KI given per shee]) daily were 002 grm., 
*02 grm., *06 grm. in three groups respectively, while one group 
received no KI aiid acted as controls. 

3. Observations were made on the food (»onsumption, weight 
increase, wexd production, reproduction and health of the animals 
for the full period of the experiment. Further, observations were 
made on the oestrus cycle of the ewes and no significant group 
differences were observed. 

4. The animals were fed in individual feeding boxes except nhe 
hay, which was given ad. lib. 
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5. It is concluded that neither the small dose nor the bigger 
quantities of K1 fed had any visible effect on the weights, wool 
production and reproduction of the animals. 

6. It is also pointed out that the ill effects ascribed to iodide 
feeding in the earlier work were apparently aggravated by another 
deficiency, the possibility of the existence of which was not considered 
in the earlier work, viz. vitamin A. 

7. Tt is concluded that the addition of KI to sheep licks is un- 
warranted, may even produce visably detrimental effects under condi- 
tions of drought, when a vitamin A shortage may exist, and is to be 
discouraged in practical farming unless there is reason for believing 
that an iodine deficiency exists. 

8. Further work on the effects of iodine feeding under practical 
(‘onditions, as for instance during severe droughts "when apparently 
detrimental effects may be experienced, is being undertaken. 

The writers wish to acknowledge gratefully the assistance of 
Mr. A. P. Malan, Statistican, in dealing with the results given in 
the lambing charts. 
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INTRODUCTION AND PLAN OF WORK. 

In* the first publication (du Toit ct al., 1932) of the above series the 
plan of investigation was fully described, the objects, methods 
employed and technique were given in detail. The results of the first 
three surveys were recorded and discussed. A later publication (du 
Toit et aL, 1933) reported on the results obtained in the plot experi- 
ments which formed a sub-division of the original exiierimental plan. 
The analyses of six more surveys, i.e. until April, 1933, have now 
been completed and are reiiorted on in this article. 

Briefly, the surveys meant collecting samples of pasture at 
regular intervals from a number of areas all over the Union and 
analysing these tor crude ])rotein, crude fibre, vsoluble 
extract, soluble ash, phos])horus, calcium, magnesium, sodium, 
potassium and chlorine. Sanqdes of soil and blood were 
collected simultaneously from the same area or from animals grazing 
in that area, the former analysed for inorganic constituents and 
nitrogen and the latter for phosphorus. In the first publication 
mentioned above the tables of results included values for both soil 
and pasture constituents and for blood phosphorus. The view was 
expressed, however, that soil analysis does not provide a very 
satisfactory method of studying the feeding value of pastures as 
obviously pasture on poor soil may yield excellent values if the 
samples for analysis are taken at an early stage of growth of the 
pasture. Hence, soil analyses, which entailed a considerable amount 
of labour have been omitted from further work and the number of 
areas from which pasture samples have been collected increased 
accordingly. 
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MINEllAL COOTENT AND FEEDING VALUE OF NATXJEAL PASTURES 

The diagnosis of phosphorus deficiency in pasture by determining 
the inorganic phosphorus content of the blood of animals grazing 
such pasture is simple and accurate, but the surveys described in this 
series of articles were intended to be a study of the feeding value of 
South African pastures and not merely a study of their phosphorus 
content. Besides, from the large number of figures for blood 
phosphorus it has already become evident that low phosphorus in 
the blood, and therefore in the pasture, is the rule rather than the 
exception, so that pasture analysis, which is essential for a study 
of tne greater problem of the feeding value of the pastures and 
which incidentally includes the determination of phosphorus in the 
pasture, already covers the field of phosphorus deficiency. Blood 
analysis has therefore served the purpose of establishing in a 
remarkably short period the fact that practically all South African 
pastures are deficient in phosphorus at certain seasons of the year. 
Blood analysis for phosphorus is now being used for studying the 
phosphorus deficiency problem in herds or on farms where immediate 
information on this problem is required, and has been excluded from 
the greater surveys, where it would naturally involve the bleeding 
of many hundreds of stock over extended periods, a procedure which 
after several repetitions is generally met with a certain amouni of 
opposition on the part of fhe farmers. Another obstacle in the way 
of drawing the blood and pre])aring it for desj)atch to the laboratory 
for analysis is that a large number of areas have to be included in 
the surveys in order to obtain representative figures and the staff 
is not available to do the blood work in such a large number of areas 
simultaneously. On the other hand, (Jovernment Stock Inspectors 
are stationed practically all over the Union, and these men collect 
monthly samples of pasture on certain farms in iheir areas as part 
of their official duties. The organization for obtaining the pasture 
samples is therefore very simple and efficient. The number of areas 
from which pasture samples are collected has been greatly increased 
recently by employing the stock inspectors for this work rather than 
the field veterinary officers, whose numbers are limited. However, 
all the surveys reported on in this paper have been collected on the 
old basis described in the first article with one or two minor modifica- 
tions as indicated below. 

Soil analypes, as already explained, have been eliminated. 
The samples of vegetation are no longer sorted inio species 
on arrival and these identified, but they are freed from sand, 
reduced if necessary, milled and analysed. The obvious disadvantage 
of this procedure is that figures are obtained which are not truly 
representative of the pasture actually eaten but of all the pasture in 
a particular area. 

The above disadvantaffe has been overcome in all the recent work, 
about which later particulars will appear in due course, by actually 
following grazing animals in the veld and collecting samples of 
pasture while observing the animals’ method of grazing, selecting of 
grasses, etc. In other words, the sample collected is as nearly as 
possible identical with the pasture eaten by the animals which were 
being followed. 

For the surveys reported on in this article samples of pasture 
were received at all stages of growth so that there was no advantage 
in comparing the analysis of a particular species of grass from a 
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certain area with the values obtained for the same species from 
another area. The results are in any case not comparable, for, apart 
from other climatic and soil influences, the difference in stage of 
growth of the two samples of the same species from different areas 
could readily account for the difference in composition. The separate 
analysis of individual species of vegetation was therefore omitted from 
the scheme. The descrij)tioii of the samples was continued as before 
and the analyses carried out as described in the last publication 
(1934). 

The method for determining soluble ash is given by Louw (1934). 
The other constituents were determined according to the methods 
given in the earlier publications. 

Briefly, then, the investigation included the collection of pasture 
samples simultaneously from a number of areas at three-monthly 
intervals and the period to be reported on this publication ranged 
from January, 1932, until April, 1933. The samples were described 
on reaching the central laboratory at Onderstepoort, dried and 
milled. The following determinations were then made and calculated 
on absolute dry basis: Soluble ash (omitted from the present series), 
crude ])rotein, ciude fibre, phosphorus, calcium, magnesium, 
jK)tassium, sodium, chlorine and nitrogen free extractives j)lus ether 
soluble extracd. The omission of one or two important determina- 
tions from the juesent series such as soluble ash was governed by 
available assistance and as large numbers of sani])]es were arriving 
it WHS necessary to remain uf) to date with the work in order to keep 
the organization of collecting, forwarding, registering and j)re[)aj‘ing 
the samples for analysis active and efficient even at the sacrifice of 
determinations which (H)uld have been included with advantage. 
However, such inadvertent omissions in the earlier work have been 
rectified, the organization of both field and laboratory staff perfected 
as the officers, especially in the field, became better acquainted with 
the work with the result that at present an organization has developed 
for the collection of several hundreds of samples monthly by stock 
inspectors stationed in as many areas in the Union, for the despatch 
of these samples to Ondersteiwort, where the registration, preparation 
for analyses and actual determinations are carried out efficiently and 
in such a way that the farmers and officers in the areas concerned 
are informed from time to time of the results of the investigation 
and the fruits of their labour and co-ojieration. 


RESULTS. 

Table I gives the monthly rainfall in the areas of colled ion for 
the period November, 1931, April, 1933. 

The values given in Table I, not being registered actually at the 
sites of the collection of the pasture samples, should be taken to be 
approximate and not absolute. The rainfall table will be discussed 
in conjunction with the values obtained on analysis of the pasture 
samples which are given in Table II. 
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Table I. 

Rainfall in Inches. 


MINERAL CONTENT AND EEBIONG VALUE OE NATURAL TASTURES 



204 



P. J. nn TOIT, A. MALA^, AMI G. KOETS 









cr; 

8 









M 

3 







3 


3 



s 




3 3 





« 

1 

a 

0 S 
.0 

3 

ii> 

M 

®« 

Mis 

1 

1 1 ^ 

1 1 oo-g 

ll; 

1 1 

grj n cc 

0/ 0/ & 

II ^ 1 

ill," 

® S£M» 
(-33^ 

1 1 M 1 1 


OS 0 s 

5 0 


t£ cc (Cl o 

^ ^ 

? jj 1? 





•2^ 

Is 

Oxen 

Oxen 

Oxen 

Oxen 

Oxen 

:a 

^ 22£ 
M MHP 

sll 

Ill 

iiai 



-ti CO 

00 CO 

0011-001 

>0 Ol-trt 

1 

^ooi 

iOXioeo 

1 1 1 1 1 1 

lO WSOOl 

WOI 

*+’tJ0->+S0 I 

1 X> 1 lOHiO 

1 1 CO -444 1.0 1 

1 1 01 os CO 1 

COJOOI-ih 1 1 

1 1 1 1 1 1 










C 

S S • ?^ 


? S • • a 


' • • • a 

■ ■ : : : 

■ 3 ’ ^ 

' if 

3 § ^ ^ ^ 

(m 

s 

to 

‘.t 


fci S • & 

Ma . :& 

• It ! 

. •“ at 

. . . . o 
’ : ! ’ ^ 

. o • • • 

.a : • 

.’£ : : 

I-® : ! 


0 

tl !i 

2 2 -5 


If III 1 

1 :l||; 

’ • . -i:* 

• : : :sl 

>. ! I . 

.|::;i 

iffiii 

1 fl a a a’a 

1 rt’I’i 5‘a 


sa :s 


£ S'^'5 S 


: : . :S 

•^ : : : 

• 3 I ; 


"S 

'O'O r-O 

'3^ 

4; o 

iiHi 

X i-< 0 kl 1^ 

Mixed. 

Mixed. 

Mixed. 

Mixed. 

■S'? Ill 

Mixed. 

Mixed, 

Brown 

Brown 

Mixed. 

Mixed. 

Mixed, 

Brown 

Brown 

'd’d'CJ't3''d 

J 0) y y o 

xxxrin 



sslls 

■=^ ^ 

3 ^ c o 

10 Oi 

r-lr-t'iOfflOO 

, ^ , iCKtO 

lOr^OO® 

-tOOiOX 

•toiaco 

X -44HC<0 

3*5 

-+ ® lO -I( 


t i O -f OO 1 

1 -4 1 -^OJO 

COJO-^lH* 1 

-4tl-XI-l- 

-tc-ao ! 

1 -fl-Ol-tf 


WM 

CC 50 

CO *0 JO CO 

-!• -f'+'f 

50-T-14H14 05 

OSes CO CO JO 

CO JOCO»)« 

j»r t joj*- 

4» , , 

S 0 c 

rH lo r ff. 

O’t 

1-4/01011- 

rr*’” 

0-4C0 010 

OlXl-l-iO 


xoaneo 

^ 


10*+ 

>0*0 01i0>0 1 

1 -f 1 *0-f01 

"'•4' 01 COO 1 

JO TOO 1 

lO-fOlOl 1 1 

1 -44 01 os 04 -44 


X' o c c 

ai* 


O X -5 ® 

ocaao . 

OlfOl--^ 

.0011- 7S . . 

. i-x xa-44 

- 


01^ 

"-f-foi-to 1 

|-,,o.0. 

0-400*0] 

"'■“'"I 

— „o| I 

1 0400-4^ 

C 

^ c C 

04 -< 

IMH ^,-Hi-l 

01 01 -t 01 

-1-1 

-1- f'OIOI 

COHOIH . . 

01 r 04 H f-4 

r 

^ ;• 


00300 j 

1® It?' 

®c|oo j 

ce5ss| 

= = s=| 1 

1 o 

‘^1 

HH 


H 


f- 

H 


H 



ao4 

0X1-001 

.10 1- X 0 

i-aoi-01 , 

JO -x O ^ JO . 

o jc a 1*5 

coi-iocoa 

0 

wV'-tit 

01'/; 

<sooi-o 

1® 

01«I*^t-i 


CiOI-CO 1 1 

1 C CO CC -f .0 

j* 


' 


01-4 



iH 



f-i»r. c 

i-a 

l-C-^^X 

c a >+01 

-4 1“ lO X' -Ji 

-4 lO lO 01 -1 

-44 0 

-+ -4 01 -^4 a 

J 

U 



’"-’-’1^1 

j 01 j -10101 

1 


OlOlCOiH 1 1 

1 014-1 01 rtN 


/. -la /. 


-t< a -#i u- -t 

. a . -ct-o 

lO -.1 O 01 

»o*<*r-oi.o . 

C0O®J0 . . 

l-*0.0 D-l 

« ! 

01 M Oj JO 

rs-^ 

01 -< JO 01-1 

1 « 1 

01*0 010101 1 

01 JO 01 04 JO 

lO CO so ro 

1 lO.*; t •44X 

„ 

oho “O-f 

lO ^ 


-4 a 1-1- 

a X lO X O' 

o JO X a lo 


x.oaoa 

0 

-HH c rH 


OOIOIOO^ j 

\V I’T*^'^ 

000004 j 

--100H 1 

_ , 

0101-4-4 

1 -caort 









1 

> 









p 

'!> 


^IH 




M 





H 

& : 

V 







HHHa 


£ : 







. 5*c£m!9 

J 

1 . - 






1 

B 

tJ 

9 

(n«raai Province 
129, Middelbui 
o. 8, Middelbur 
o. 8, Middelbur 
Jfo. 409, Mid 

P 

1 

3 

JTO 

04 

6 

H •* ' 0 • 

a 'S 

1 

3 ® 

5 0 

1 1 

’•o' 

. . . o 

• • -’C 

• • ■ a , 

r ■** .' 

•C 1- " 

« a 

! . oi 

... 3 

i’ 1 

1 ^ 1 
1 : : 

1'^'" 

a 

a 

ij 

3 — — 

1 

lli^ ■ 1 

||||S 1 
Ills ^ 

1 : :S : 

«> ^ 

1 1 

J 5 

H 

Brooklyn, Bai 

Castlekop, Ba 
»* 

i i- 

!'l 

1 

1. i 

r i 

I ? 1 

0 is 1 

2 

> 

m 

|i.= 

31 

0 

fa 

W 

1 " “ " " 

.3 

a 


205 



Tabl,e II (^contimied) 


MINERAt CONTENT AND FEEDING VALUE OF NATURAL PASTURES. 
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Table II {continued). 


MIITJBEAL CONTENT AND FEEDING VAEDE OF NATURAL PASTURES 
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MINERAL CONTENT AND FEEDING VALDE OF NATURAL PASTURES. 

The description of the pasture samples is superficial and based 
on the following*: — 

Mixed means that the sample can be divided into 
a])proximately equal quantities of green and brown herbage 
respectively. A sample labled ‘‘ mixed, mainly green contains 
00-90 per cent, green herbage, while “ mixed, mainly brown 
indicates the presence of 60-90 per cent, brown herbage. In a 
browm ’’ sample the presence of not more than 10 per cent, of green 
material is allowed, while in a green ’’ sample the amount of 
brown material should not exceed 10 per cent. These terms refer to 
grasses only, and if bushes or shrubs are present mention of these is 
made accordingly. The blanks in the table indicate that for the 
period in question no collections were made. Outbreaks of infections 
diseases occurred on seveiul occasions, during which periods primary 
claim was made upon llie services of the Government veterinary 
officers for assistance so that they could not always carry out the 
collections of samples regularly. 

The analyses of the samples obtained from Kurumun and 
Mafeking given in Table II are grouped with those from centres in 
the Province of the Transvaal on account of the lU'oximity of these 
districts to the latter province. Strictly speaking these areas lie in 
the Cape Province. 

Generally speaking, values for blood ])ho8i)honis above about 
4*5 mgm. per 100 c.c. blood are not in any way indicative of 
phosphorus deficiency but as many classes of stock including dry and 
lactating cows, oxen, heifers and sheep were bled for analysis this 
figure is by no means exact but could serve to show up deficueiicies 
and sufficiejicies of phosphorus at the time of bleeding. For more 
details in regard to the relation b^^tween the ])hc)spbate content of 
the pasture and that of the blood the reader is referred to the first 
report on this investigation (du Toit et al., l!b‘h‘l). Another factor 
which is brought out by the values for blood ])hosphorus in the table 
above is the a])jiarent lack of agreement between the phosi)horus 
content of the pasture and that of the blood in (piite a numbei* t)f 
cases. Although earlier work has undoubtedly established a direct 
relation between ])hosphoxus intake and bhx)d ])hosi)horn8 it does not 
follow that any one determination of the percentage phosphorus in 
pasture should be reflected directly in the inorganic j)hosphorus 
content of the blood and that for two reasons mainly. Firstly, the 
pasture collected may not represent a true. sample of that eaten by 
stock on account of the method of collection employed for the above 
surveys, and secondly the preceutage value of phosphorus in pasture 
gives no indication of the amount of pasture available of that 
composition, i.e. of the total intake of the animals on such pasture. 
Obviously, not much available pasture containing high phosphorus, 
as for instance at the beginning of a new season’s growth will not 
show as high a figure for inorganic phosphorus in blood as abundant 
pasture of average composition. Hence information of a more exact 
nature in regard to the relation between blood and pasture phosi)horu^ 
and also in regard to phosphorus deficiency or otherwise can 
be obtained if both values are studied for periods as can be done 
in the above table, rather than for corresponding months only. If 
this is done it will be noticed that the higher values for pasture 
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phospliorus tend to be reflected as higher values for blood phosphorus, 
e.g. Barberton, Zoutpansberg, Nongoma, Pietermaritzburg, Port 
Elizabeth, etc. However, the agreement is by no means of the nature 
of that obtained in coni rolled experiments and is being further 
investigated in a few areas only w’here true saniides of the ]jasture 
eaten are collected by following animals and bleeding them after- 
wards for blood samples for analysis, furthermore, the analytical 
values of pasture collected on the basis reported in this article are 
being compared with those obtained from true samples of pasture 
eaten gathered by following animals as already stated. 

One point is nevertheless evident from a study of the values for 
blood phosphorus w’hen compared with the phosphorus content of the 
pasture, viz., that practically no values are indicative of a phosphorus 
sufficiency in South African pastures throughoul tlie year, although 
quite a fair number of both jmsture and blood analyses suggest that 
during seasons of active growth and highest rainfall (mainly in 
summer) the ])asture probably contains enough phosphorus for the 
requirements of non-laciating stock. 

The phosphorus contents of the pasture sain])les corroborate the 
statements made in the first report of this series (1932) and may be 
summarized as follows: (a) The j)ert*entage phos])h‘orus in pasture 
decreases as tlie ])larits mature and extremely low values are often 
obtained during winter in cases where only fully grown out grasses 
are available. These values tend to be even lower after adverse 
conditions of tempeiaturo, such as frost. (h) Of the climatic 
conditions during the growing seasons rainfall apparently determines 
the stage of growth of pasture and hence its phosphorus content, 
(c) Very abundant rains do not appear to favour a high phosphorus 
content of pasture, while the question of a ])(>ssible leaching effecl 
of the rains may be a ])ossible explanation but is si ill a matter of 
couje('ture, e.g. Derby Piet lletief; Staiiiton, Ixopo; Mimosa 
Park, Potchefstroom, etc. (J) Pasture samples containing shrubs 
invariably show' higher values for phosphorus than those consisting 
of grasses only, (c) Deplorably small amounts of ]diospborus are 
p]*osent even during the best vseasons of the year in samples from 
certain areas, e.g. Melbourne, Port Shepstone, Marico, Mafeking, 
Kuruman, etc., and in some other areas during the winter months. 
It is inconceivable that the idios])horus reoiiireuients ot animals 
could be met under such adverse conditions. (/) The supplementation 
of pasture used for grazing by ])hosphates for the greater part ()f the 
year is essential if maximum ])roduction is aimed at. 

The rest of the constitueiiis given in Table IT do not present such 
a gloomy j)icture as the phosphate vahies do. Ci'ude protein is 
certainly very low at times and as stated in the first article can 
hardly be believed to satisfy the protein requirements of the animals 
at all seasons of the year. A])preciable increases in the protein 
content of the pasture is associated with the presen(;e of new growth 
and naturally an increase in tKe phosphorus content. Low 
phosphorus and low protein, usually indicative of an advanced stage 
of growth of the pasture, are on the whole associated with high 
values for crude fibre. Lime values for some pasture samples are 
distinctly on the low side but the values that need be viewed with 
concern are those for sodium. Generally it appears that the pastures 
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are extraordinarily low in sodium and even witli moderate milk 
production it is hardly conceivable that the daily pasture ration 
satisfies the sodium requirements of a lactating cow. As a matter of 
fact in a number of cases the sodium content of 25 lb. of dry pasture, 
of the type represented by the samples — the approximate daily intake 
of a 1,000 lb. cow — is less than the sodium actually secreted in two 
gallons of milk. The question of a possible sodium deficiency in 
South African pastures and the effect on animals is being investigated 
at the present time and will be reported on in due course. 

If the samples analysed are at all representative of South African 
pastures the latter must be looked upon as distinctly poor, for the 
greater part of the year, for i3urpo8es of production in stock 
farming. Supplementary feeding, or, alternatively, the necessity 
for improvement of the j)astures, be it by fertilizing or better manage- 
ment to increase their feeding value, is strongly indicated. 

SUMMARY. 

1. The third report of the series on ihe mineral content and 
feeding value of South African natural pastures is presented. 

2. Both pasture and blood analysis confirm the earlier statement 
that practically all South African ])a8tures are low in phosphorus for 
the greater part of the year. 

3. Crude protein varies more or less directly as the phosphorus 
content of the pasture and is extraordinarily low during certain 
seasons of the year. 

4. Generally, the sodium content of the samples is so low that 
it suggests an insufficiency of sodium for producing animals on 
pasturage. 

5. The samples analysed were representative of the herbage in 
the areas of collection and not necessarily of the pasture actually 
eaten by stock as will be the case with all samples collected sub- 
sequently and to be reported on in due course. 
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INTEODUCTION. 

M KTKOttOLOGICAL 1 ) ATA . 

Section 1. Old estahlished species. 

I. Monthly cuts. 

(a) Season 1931-1932. 

{h) Season 1932-1933. 

(c) Season 1933-1934. 

{d) Yield and persistency of the individual 
species. 

(c) Effect of climatic conditions on yield. 

II. 2-, 3-, 4-, ()-, and 8-monthly cuts. 

{a) Season 1931-1932. 

(b) Season 1932-1933. 

(c) Season 1933-1934. 

111. The effect of cutting at monthly and two- 
monthly intervals on the gross yield of dry 
matter, phosphate and crude proiein. 

Section 2. Recently Cvstablished species. 

I. Monthly cuts. 

II. Successive monthly cuts. 

III. The influence of frequency of cutting on the 
production of dry matter, phosphate and 
crude protein. 

General Summary and Conclusions. 
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MIKEKAL CONTENT AND FEEDING VALUE OF NATUEAL FASTUKES. 

INTRODUCTION. 

The mineral surveys of natural pastures in the Union of South 
Africa inaugurated in May, 1930, and on which a first report was 
published by du Toit and associates (1932), have been greatly 
extended during the last two years. At the present time more than 
200 samples of pasturage as grazed by the animals are being collected 
every month from chosen farms distributed all over the country. In 
order to interpret correctly data so obtained it is necessary to study 
the seasonal variations in chemical composition of individual species 
of indigenous grasses under controlled or known conditions at fixed 
stages in their vegetative growth because of the known variability in 
mineral and protein content as growth advances towards maturity. 

Furthermore such a study provides data on the feeding value of 
individual species of grasses which compovse pastures and therefore on 
the economic utilization of su<h pastures which is often attainable 
in practice by bearing in mind the relation between feeding value and 
stage of growth. This relation is of course of paramount importance 
when the problem of i)asture research is considered from the practical 
aspect of pasture im])rovement. Stage of growth determines 
palatability perhajis to a greater extent than any other single factor 
and likewise also feeding value — both factors whi(*h cannot be lost 
sight of when the object of })asture improvement, viz., to provide 
more and better grazing for the animal is considered. The invesli- 
gation of the chemical composition of individual species of grasses 
at various stages of growth as reported in this article was therefore 
undertaken as a supplementary study to the det(*rmination of the 
feeding value of South Afri(*an pastures (du Toit ct aT, 1932*, 1935). 
This study will effect the accumulation of data on fiiJidameiital 
aspects of pasture improvement such, as feeding value in relation to 
growth, digestibility as <aff'eeted hy the maturity of the pasture, light 
which chemical analysis may throw on animal production on pastiire, 
etc. In short, the plot work was undertaken because it creates an 
opportunity of introducing the animal factoj* into ])asture studies. 
Hence factors which affect the feeding value of pastures for the. 
animal, as for instance stage of growth, productiveness of the 
pasture, palatability, digestibility, etc., are being stressed in this 
investigation of which the present article may be considered as some- 
thing of the nature of a progress report. 

The plots under consideration in this article were too small to 
study yield conclusively and larger plots have subsequently been 
established, but it was considered well worth Ihe extra work to weigh 
all the samples obtained from the different frequencies of cutting and 
to study these weights in conjunction with the chemical data with 
the object of arriving at tentative conclusions in respect of species 
of grasses which could with advantage be studied on larger plots 
at a later date. 

The investigation on the species established in plots was 
initiated in February, 1932, and a preliminary report was published 
hj du Toit 0t al. (1934). Tn the present paper it is proposed to deal 
with the results obtained from a further 12 months^ work on the 
same grass species in conjunction with the data from the previous 
year, 
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Table I. 


Date. 

Rainfall 

in 

incheB. 

Showers of note with 
datoB in brackets. 

Average 

hours 

sunshine. 

Average 
maxi- 
mum 
tempera- 
ture 
in °F. 

Average 
mini- 
mum 
tempera- 
ture 
in °F. 

Feb., 

1932 

4-80 

0 -66 (2), 1 -05 (4). -30 (6), 1 -40 (17), 

0 43 (19), 0-20 (25), 0-48 (28) 

7*7 

86 0 

61 0 

March, 

1932 

2-08 

1-58 (9), 0 -29 (20) 

6-9 

84. 0 

58. 0 

April, 

1932 

0 77 

O' 17 (23), 0-23 (24), 0-31 (26).... 

81 

82. 0 

49. 0 

May, 

1932 

015 

8 6 

750 

40. 0 

June 

1932 

Nil 

— 

8 4 

73. 0 

34 0 

July, 

1932 

Nil 


9 0 

71 0 

30 0 


1932 

Nil 

— 

9 6 

77. 0 

36 0 

8ept., 

1932 

0*88 

0 87 (20) 

8 8 

82. 0 

49. 0 

Oct., 

1932 

1-76 

0 -88 (3), -58 (4), 18 (28) 

81 

84. 0 

56 0 

Nov., 

1932 

2-54 

0 72 (7), 0 22 (10), 0 28 (19), 
0'40 (22), 0 24 (25), 0-37 (30) 

8-5 

81 0 

59 0 

Dec., 

1932 

3 54 

0 50 (4), 0 56 (14), 0 35 (16), 

0 -54 (24), 1 30 (26) 

7 4 

87 0 

61 0 

Jan., 

1933 

1 54 

106 (15) 

82 

89. 0 

61 0 

Feb., 

1933 

0 70 

0 29 (19), 0-36 (28) 

8. .5' 

91 0 

60 0 

March, 

1933 

2 00 

0 32(1), 0 -90(3), 0-42(8), 0 -34(1.5) 

8-6 

88.0 

55. 0 

April, 

1933 

105 

0 85 (2), 0-16 (18) 

8*8 

780 

50. 0 

May, 

1933 

0 07 

— 

8 8 

82 0 

41 0 

Juno, 

1933 

0-35 

0 35 (22) 

! 8-0 

67 0 

32. 0 

July, 

1933 

0 01 i 

i — 

8-0 

70. 0 

36. 0 

Aug., 

1933 

Nil j 

— 

I 9 0 

1 70 0 

40. 0 

Sept., 

1933 

0 42 i 

1 0 42 (1) 

1 9 0 

75. 0 

46 0 

Oct., 

1933 

0-40 ] 

on (26), 0 25 (27) 0 10 (28)... | 

j 90 

90. 0 

54. 0 

Nov., 

1933 

14 55 

Evenly UUtribaled over month, 10 i 
days on wtiich no rain fell ! 

6 7 

810 

59. 0 

Dec., 

1933 

6*20 

2 36 (13), 0 24 (14), 1-00 (1.5), 1 
1 40 (26), 1 08 (31) 1 

7 5 

1 

83 . 0 

60 0 

Jan., 

1934 

7-54 

2-02 (2), 1-15 (131, 0 45 (16), 

2 -00 (29), 0 -68 (30) 

7.0 

85 0 

620 

Feb., 

1934 

2-75 

0 23 (3). 0 21 (8), 0-69 (9), 0-68 (13), 
0-28 (19), 0 58 (23) 

7 4 

84 . 0 

63 0 

March, 

1934 

1 43 

0 15 (11), 0-31 (2.5), 0-97 (26).... 

75 

86. 0 

58 0 


In Mar(*li, the work was extended to inchule eleven 

additional species, newly established, and the results of their analyses 
for the period March, iiKJd, to February, lbd4, will be discussed in 
a separate section of this report. The method of establishing* the 
grasses and of taking* monthly, two-montlily, etc., samples was the 
same as that described in the first report on the plot experiments, and 
will not be dealt with here. The first samples were taken on the 
iiSth March, 1933, and then on the same date of each succeeding 
month until February, 1934. 


All the new grasses were well established towards the end of 
1932 or early in January, 1933. As stated in the previous paper the 
gfrasses received no further attention except for occasional weeding. 
The work was, therefore, done throughout on grasses subje('ted to the 
prevailing climatic conditions. 
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METEOROLOGICAL DATA. 

The outstanding features in the climatic conditions for the 
period February, 1932, to January, 1933, have already been indicated 
(du Toit et aL, 1934). Mention need only be made of the fact that it 
was a period of exceptionally low rainfall, a total of 17*43 inches, 
which is about 12 inches below normal, being recorded. Table I 
gives a summary of the general meteorological conditions for 
the full period under discussion. It was thought advivsable to give 
not only the total but also the approximate distribution of the rain- 
fall for every month. 

The readings were taken at the Onderstepoort Veterinary 
Institute at a distance of about half a mile from the experimental 
plots and may be considered therefore to represent the rainfall at 
the actual site of the experiment. 

The rainfall for the latter half of the growling season 1932-33 
remained low, two light showers towards the end of February, fairly 
well distributed precipitations for the first half of March and a good 
shower on the 2nd April being recorded. The usual dry period 
follow^ed except for an isolated shower in mid-wunter when rain has 
generally very little effect on growth, on account of the low day and 
night temperatures. 

No falls of note were registered until the beginning of November 
(1933) which was a month of exceptionally high rainfall. There 
were only 10 days on w^hich no rain fell and o\'er 14 inches w^ere 
recorded for the month. The average daily hours of sunshine and 
maximum temperatures dropped from 9*0 and 90*0 in October to 
(i*7 and 81*0 respectively in November, w^hile an increase for both 
these growth factors were noted for December. There were no 
significant changes in the average* daily hours of sunshine and 
maximum temperatures during January and February, 1934. The 
average minimum temperatures increased steadily from 54 (P F. in 
October to (53*0® F. in February. 

During December and J anuary good average rainfalls were 
registered while the figure for February dropped to only 2*75 inches. 
March was comparatively, dry. Precipitations of 0-31 and 0*97 
inches were recorded for the 25th and 2(]th respectively, but these 
showers had very little effect on the herbage cut on the 28th of 
March. The average maximum temperature was slightly higher 
than during the preceeding months. 

For the period November, 1932, to February,, 1933, the rainfall 
was in marked contrast to that recorded for the period November, 
1933, to February, 1934, only 8*3 inches being registered for the 
former period while during the latter period heavy downpours 
totalling 31*0 inches occurred. 

SECTION 1 OLD ESTABLISHED SPECIES. 

I. Monthly Cuts. 

The number of monthly cuts obtainable from plants growing 
under natural conditions is necessarily largely dependant upon the 
prevailing climatic conditions. The growing season in this part of 
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the country commences with the first rains, usually in vSeptember, and 
terminates with the cessation of summer rains in about April. The 
discussion of the ithemical composition and yield of herbage cut at 
monthly intervals is therefore limited to the available data for the 
growing seasons falling within the experimental period. 

Of the eleven species on which w^ork w^as started in February, 
1932, one, Rhynchelythrum rosenvi, died completely during the 
winter of 1933. 

Table A in the appendix gives the dates of cutting, the yield of 
dry matter,* and the percentage composition of the dry matter of 
each cut, together with a short description with regard to the stage 
of growth, of the monthly cuts for the period February, 1933, to 
March, 1934, for Ihe ien remaining species to be dealt with in this 
section of the i)aper. 

The composition of the dry matter of the montlily cuts of one 
and the same species does not vary markedly, and if a general survey 
of these figures for all the grasses is made it will be noted that the 
])erceniages of individual constituents from month to month tend to 
fluctuate in a manner similar for all grasses. Fonseiiueiitly, month 
to month averages for all the species combined was decided upon as a 
basis for discussion rather than a consideration of the fluctuations of 
each grass separately. A study of Table A in the api)endix reveals 
the fa(‘t that the deviations from such a generalisation, due to 
differences in resi)OTise to climatic conditions by individual species 
are not numerous, although not entirely absent. 

The average yield and composition of the dry matter of the ten 
Species from month to month for the whole experimental period is 
given in l\ihle II below. For the j)urpose of bringing out the 
seasonal variations more clearly the data are put into graphical form 
ill Fig. I. 


J)ifirus,siori of results of monthly cvts. 

{a) Season 1931-32. 

IJue to the fact that the investigation was begun in February, 
1932, data for only three monthly cuts are available for this growing 
season. A feature in the composition of the dry matter for the three 
months, February, March, and April, is the inverse relationship 
between crude protein content and (‘rude fibre content, the latter 
constituent shows a downward trend from February to April, whereas 
crude protein rises from February to March with a further slight 
increase in April. These results are in harmony with work cari'ied 
out by Archibald and associates (1932) at the Massa(*hu setts Agri- 
cultural Experiment Station, TJ.S.A. The average daily maximum 
temperatures decreased from February \o April while the average 
daily amount of sunshine was actually higher in April than in either 
February or March. It cannot, therefore, be said that the lower 
figure for crude fibre in April, as opposed to the values for February 

^ All analyses in this paper are given as pen'entages on absolutely dry 
basis. 
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and March is attributable to a diminution in amount of sunsliine 
(Archibald et al, 1932), rather may it be interpreted that less lignifi- 
cation had taken place in the April sample than in Ihe February and 
March sami^les, or, in other words that the grass was at an earlier 
stage of growth in April than in February or March (c.f. Table 11 in 
appendix of previous paper). 

Phosphate and lime show -opposite tendencies in ihat the peak 
value for the former const iiuent in March corresponds with the lowest 
figure for lime at the same date, a finding in agreement with 


Fig. 1. 



Woodman's (1920) conclusions in this respect. Itefevence to Table I 
giving the general meteorological conditions shows that the rainfall 
decreased from February to April. The amount of growth decreased 
similarly over this period (c.f. Table 2) 'while, as stated above, the 
April samples were at an earlier stage of growth than the February 
or March samples. In view of the findings of llichardson and 
associates (1931), viz. that nitrogen assimilation and the absorption 
of essential nutrients are most active at the tilteriiig stage and that 
photosynthesis rises to a maximum shortly after the flowering stage 
the lower value for phosphate in the April sample as opposed to those 
for February and March is rather surprising. Tt is difficult at this 
stage to discuss the percentage composition of the saniples in relation 
to soil moisture as is done by Richardvson and associates {loc. at,), 
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Such considerations do not fall within the scope of this article but 
it may be pointed out that the low level of soil saturation which no 
doubt existed during April may be responsible for a relatively low 
figure for phosphate corresponding with high values for lime and 
crude protein in the April herbage. (Hichardson, loc, cit,) Mention 
should also be made of the low values obtained for PjOg in the green 
leaves of Bechuanaland grasses by Henrici (1928) during periods of 
summer drought and the finding of this author that “ there is a 
decided tendency to lower values towards autumn 

The potash and chlorine series of values in Table II both show 
downward tendencies from February to April while magnesia varies 
in a manner similar to lime. 

(h) Season 1932-33. 

The exceptionally dry weather conditions which characterised 
this growing season have already been referred to, the beat rainfalls 
having been registered during December. 

The inverse relationship between crude fibre and crude protein 
(untents indicated for the period February to April, 1932, is again 
apparent for the latter half of the present growing season. The 
crude fibre tends to increase from October to February reaching its 
highest level for the whole period in the dry matter of the herbage 
cut at the end of the latter month. The average daily maximum 
temperatures vary similarly, the highest figure being recorded for 
February while at the same time this month was the driest for the 
season with a total rainfall of only 0*70 inches. Crude protein rises 
to a maximum for the season in December and then falls to a 
minimum in February. Phosphate shows little variations from 
month to month and tends towards a minimum in February and a 
maximum for the season in March. 

Phosphate and lime again fluctuate in opposite directions 
throughout the whole season, the lowest and highest figures for the 
latter constituent occurring in January and Ai>ril respectively. 

A remarkable feature in the composition of the dry matter for 
this season is the consistently high values for lime in comi)arison 
with figures for phosphate, that must be looked upon as distinctly 
low. At no time does the phosphate level rise above the lowest figure 
for the previous season while the values f'oi’lime never fall below 
the highest figure obtained in April, 1932. 

Magnesium like lime remains fairly constant with a minimum 
in January and then rising steadily to a maximum in March. The 
figures for this constituent remain, as in the case of lime, higher 
than the maximum for the previous season. 

The graphs for the potash and chlorine values revea)^ similar 
changes for the period under discussion, slightly lower values for both 
constituents being obtained in February. 

In view of the fact that the grasses comprising the ciop for 
February were largely at an immature stage of growth (c.f. Table A 
in the appendix) it S interesting to note that the maximum fox crude 
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libre and minima for phosj)lia1e, crude j)roteiii and potash for the 
entire growing season occur in the herbage for this month. It was 
undoubtedly the driest month of the season, tlie shower of 0*29 inch 
registered on the 19th being the only rainfall tor the month pre- 
ceding the February (‘ut. Such dry conditions would no doubt cause 
wilting ot the young immature herbage and it is ])ossible that the 
aerial parts loose water not only by excessive transpiration but by 
the roots as well. Water thus lost by the latter channel may carry 
(certain salts which J)ave not been organically bound, in solution, thus 
causing a migration of nutrients from the aerial iiarts to ihe soil 
(see Henrici 1928). 


(c) Seasofi 193.1-84. 

Practically no growth look place after the light showers of 
September and October with the result that the first monthly cuts 
for this season were taken at the end of November. 

The herl)age for November was mainly in an immature stage of 
growth; in the (^ase of a few speides only did flower-heads begin to 
appear. Excejitionally high values were obtained for the crude 
])rolein (‘ontent of most species, es]iecially T^rocliloa pulh/lmis and 
n ic u ni m Od'im u m . 

As stated pieviously copious rains fell during November but the 
amount and intensity of sunshine were less than during the previous 
and succeeding months, (dimatic conditions a})pear to have been 
more favourable for rapid growth during December and January 
when the (‘ombined rainfall for the two months was slightly less than 
the amount registered for November alone, but, nevertheless 
apparently sufficieni to maintain a high level of soil moisture satura- 
tion. The result was that the composite herbage crops for December 
and January attained a higher degree of maturity than that for 
JVovember. 

Following upon a ra[)id decline in the rainfall from January to 
March the amount of growth decreased similarly. As a matter of fact 
growth practically ceased after the March samples were taken, only 
three species showing sufficient growth at the end of April for the 
usual monthly cuts. 

The average composition of the dry matter of the com])()site 
monthly cuts from November to Mju'(*1i is in tdose agreement with 
the stage of growth attained by the grasses. Generally speaking, all 
the inorganic constituents and crude protein fall from maxima in 
November to minima in January followed by vsecondary i)eak values 
in February when climatic conditions favoured slower growth than 
in January (see Table A). 

Crude fibre, on the other hand, shows an opposite tendency, the 
lowest fiigure was obtained in November after which the value for this 
constituent steadily rose to a maximum in January. The inverse 
relationship between crude fibre and crude protein content, which 
was shown to exist during the two previous growing seasons, is again 
in evidence, while the variations in the average values for the latter 
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constituent and phosphate display a close parallelism througfhout 
the present growing season. The comparatively low values for these 
two constituents in the monthly cuts for tTanuary are worthy of note. 

If a general survey of the data for the whole experimental period 
is made one is forced to the conclusion that in the absence of soil 
and climatic deficiencies stage of growth is ihe main factor 
influencing the mineral and protein content of pasture species. The 
effect of soil composition on the composition of herbage plants does 
not fall within the scope of this investigation while the data do not 
allow of definite conclusions in respect of the influence of climatic 
factors except in so far as they effect stage of growth. 

Mention may however be made of the fact that phosphate values 
are low during periods of dry weather. This observation, if 
confirmed, may perhaps be explained on the basis of Richardson’s 
findings that low soil moisture tends to j)roduce herbage of a low 
phosphate content. 

In any case, the composition of monthly cuts of herbage cannot 
be looked upon as markedly different from one another. During some 
months a slightly more or less advanced siage of growth is attained 
by a species when compared witJi its growth of the preAious month 
and resulting in a slight decrease or increase in the percentage 
content of the constituents, but, on the whole, the monthly growths 
of the grasses studied must he looked upon as herbage of a com])ara- 
tively high composition at a comparatively early stage of growtli. 


{(1) Yield ami Persistency of the 1 mlivuhual speeies. 

It has been pointed out previously that the area cut was too small 
to study yield conclusively. If it is, however, remembered that the 
grasses were planted uniformly in rows containing about twenty 
plants each and that always the same low was (lit in order to obtain 
monthly or two-monlhly samiiles, as the case may be, it will be 
admitted that the production of dry matter by the twenty plants in 
the first row of one species during any one month is comparable with 
the production of dry matler by the same twenty plants during any 
other month of the year on condition that none of their vital func- 
tions have been adversely affected by the severe treatment. 

In view of the fact that the area cut w'as'vsmall, as already stated, 
and that the weights obtained were not based on duplicate plots too 
much importance cannot be attached to the yield figures, especially 
when the yield from the first row of one species is compared with that 
from the first row of another species, but one is justified in drawing 
certain broad inferences for further investigation in respect of the 
relative yielding capacities of individual species subjected 1o a 
system of cutting at monthly intervals under the clirruitic conditions 
obtaining during the e^rpeninental period. 

Table III below gives the total yield in grams from month to 
month as well as the gross yield for the whole of the experimental 
period February, 1932, to March, 1934, for each of the ten species 
studied. 
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In considering: the relative yields of these grasses it should he*- 
borne in mind that they received no further attention after being* 
well established towards the end of 1931. The grasses were selected 
from locally growijig s])ecies and the soil on which they w’^ere planted 
was of a type that is common in this area, viz., a sandy loam of fine 
texture. Any changes in the general condition of the plants during 
the experimental period may therefore be ascribed to the effect of 
the treatment, i.e. (uitting at regular intervals, under (he prevailing 
climatic^ conditions. 

It will be both ne<!essary and interesting to give at this* stage 
short (les(^rip(ions of the plots of indiiidual species as to their state 
in January, 1934, a few months before the conclusion of the experi- 
mental period under consideralion : — 

Tlyparrhcnia hifta , — About 50 per (‘eiit. of the plants in the 
first row (monthly cui) are dead. 

y'hrmcda friandra . — Approximately 50 per cent, of the plants 
in the first row, 25 per cent, in the second and a few plants 
on the remainder of the plot are dead. 

Cymhojiogon pIunnoideM. — In each of the first and second lows 
about 25 per cent, of the plants peiished. 

Cynodon daciylon, — The individual plants have developed into 
a uniform sward covering the whole plot. 

AmphilopJuH insculpfii. — About »50 per cent, in the first row 
an<l roughly 25 per cent, of the plants in the second row 
are dead. 

KragroHtiH s\fperh(i,--{)\Ay about 10 per cent, of the plants in 
the first row are dead. ' 

Sefaria Gerrardit.— (lenerally speaking, 25 i»er cent, of the 
plants on the whole plot are dead. 

Paincvni utaj'ivrum .'---Of the plants in the first row about 50 
per cent, and approximately 10 per cent, on the remainder 
of the plot are dead. 

{'rorhioa p'liHvtarfui, — Of the first row only about 25 per 
of the plants are dead. 

Pennisetvm cilime, — With the exception of Cynodo7i daefylon 
this is the only plot where none of the plants established 
towards the end of 1931 died. 

To summarise briefly, the plants in the first rows of the majority 
of the species suffered severtdy as a result of the treatment, in a few 
( ases the second rows (two-monthly cuts) were badly affected while 
the number of jtlants wliicb died in the third to the twelfth row’s was 
negligible for the majority of the grasses. 1'he plants subjected 
to lenient systems of cutting developed generally to fair-wsized tufts, 
but the row’s remained, wdth the exc^eption of Gynodov daefyUm, 
easily distinguishable from one another. 

That plants in the first row’s were dying was observed for the 
first time after the winter of 1932. It is obvious therefore that the 
results given in Table III are comparable only under the Hjiecific 
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t'diiditions of lliis ex])eriiueiit and woi^hls thus iudi**a1e the 

monthly and total yields obtainable from each si)ecies when subjected 
to a system of cutting at monthly intervals under the prevailing 
<'liniHti(* conditions. In the absence of climatic defiiieiicies or under 
less severe treatments the behaviour of individual species would 
probably have been different from wdiat the results tend to suggest. 
JJut, at the same time, it is just such unfavourable climatic condi- 
tions that the natural pasture is subjected to under conditions of 
practical farming in this country. 

The data in Table 111 undoubtedly sugge^t that of the ten species 
studied Penruscf vm ciliare stands above the olheis in t hat it produced 
the greatest gross weight of dry matter and definitely proA^ed itself 
to be one of the most drought resistant grasses, Ciinodon tlarfijlon 
being the only other grass which w’as not visibly aft'eided by eillier 
drought or the treatment. K ratj rosf/i a supctha takes second place as a 
producer of dry matter and was observed to f)e highly resistant to 
drought and artificial close-grazing. Autphifophls nmculpta is third 
followed by ('ifnodan (hiclplon and Svfuria Gerrard it . The latter 
grass lacks the ]>ersisten(*v of the other si)e(‘ies in that not only the 
first row’, whicli W'as subjected to the system of cutting at monthly 
intervals, fmt the Avhole plot was aifected by tlic treatment. Vrovldoa 
pullulans and Panicirvi vui.riminii , w’hile proving to be excellent 
grasses in resiieid of cliemi(al (*omposition, take only sixth and eighth 
{ilaces, I’esjiect ively, as jiroducers of dry matter. These tw’o grasses, 
esiieidally tlie sjiecies, do not stand up so well against 

drought and close-grazing as is the case wdth the IVniiisetum and 
(\vnodon sjiecies, Init may he expected to conqiari' more fuA’ourably 
with Penvisetinn ciliarv in resjiect of productivity if climatic condi- 
tiojih are more favourable. Hyjhtrrhema htrfu ]>r()duced approxi- 
mately the same gross weight of dry matter as Vrorhloa pullulnns but 
proved to be less resistant to the treatment and is of inferior quality 
as a st()(dv feed, (^yinhopopon pJvrnioKhs and Thcmcda t7'i/nidra take 
last places in this method of deciding the yield of pasture s])ecies, 
lioth grasses appear to thrive best during the first half of the grow’ing 
season, namely in October or November. 

(r) TItr rffni of vlnnoiic coodittons on yield. 

Owing to the size of the area <*ut and the harmful effects of the 
treatment under the acherse climatic <*(mditions on the stand of grass 
in the first rows, it is not j.ossxble to make stric’t com])arisons between 
the yields obtained for the various grow’ing seasons falling w’ithin the 
experimental period. However, the influeu(*e of cdimate on (he 
productivity of grasses during any one season may be indicated. 

For the pxirpose of estimating the effecd of rainfall on the yield 
of dry matter the average weiglits in Table 11 w’ill be considered in 
relation to the rainfall data given in Table 1. In order to bring out 
the inffuenc'c of j'aintall more clearly the relevant data are put into 
graphical form in Fig. 2, 

With few’ exceptions the yield and rainfall curves flucduate in ts> 
similar manner for the three seasons concerned. The average produc*- 
tion of dry matter dropped from *300 grams in February, 1932, to 
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(iiily 90 grams in April of that year, while the monthly rainfall 
decreased from 4*85 to 0*77 inches during the same period. The 
highest yield for the whole experimental period was obtained at the 
end of the first month of the investigation. This may largely be 
ascribed to the fact that none of the plants were as yet affected by 
drought or treatment. 

The yields for the 19d2-3d season were extremely low throughout^ 
the best crop (82 grams) being obtained in December coinciding with 
the highest precipitation for the period. The low production figures 
were no doubt due in part to the fact that several plants were already 
dead at this time, but may mainly be attributable to the unfavourable 
(dimatic conditions, namely inadequate rainfall consisting mainly of 
light showers at infrequent intervals couided with high temperatures. 


Fig. 2. 



There is an apparent lag in the effect of the rainfall on the \delcl 
for January. Kelerenee to Table I reveals the facd that a fall of 
I dO inches was registered on the 2Cth of the previous month, two 
days before the herbage for that month was cut. That the yield 
curve does not drop in sympathy with the rainfall curve from 
December to January is therefore attributed to the fact that the 
precipitation referred to above could only have exerted its influence 
on growth during the early part of January. 

The average productivity of the grasses during the first three 
months of the 1983414 growing season was in marked contrast to 
the weights obtained during the previous season. The yields 
increased from a fair figure in November to a maximum (l60 grains) 
in January and then dropped rapidly to the low value of only 50 
grams at the eoneiusion of the growing season in March. 
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Heavy downpours were ex})erieueed in November followed by 
good average lains in December and January. The rapid falling off 
in amount of rainfall eombined with high temperatures coincided 
with greatly decreased yields in February and March. 

That the prevailing climatic coiidilions and not the number of 
missing pJants Avere mainly lesponsible for low yields during Ihe 
previous season is borne out by the higher productivity of the same 
plants, which were further reduced in numbers during the winter of 
in the ju-esent growing season. 

Temperatures are generally high throughout the growing season 
and undoubtedly exert a modifying influence on yield. During 
periods of low rainfall, as was exjierienced during the greater part 
of 19d2-dd season and in February and March, 19'54, the high 
temperatures, througli (‘ausing high evaporation of soil moisture, 
would tend to conntera<*t the beneflcial influence of rainfall on the 
j)ioduct]on of dry matter. 

At the same time it must be borne in mind that diff'crenl species 
have different ]>eriods of optimum gnnvth activity in ’the course of 
the season. Ihe magnitude of a mixed crop during any one month 
will, therefore, in addition to (‘Hmate, be influenced by the individnal 
spe(‘ies contributing towards the mixed crop. In this conne('tion it 
is of interest to note from the data of the l9d3-34 season for 
individual species Table 111) that while the majority of grasses 
yielded I heir highest monthly crops during either December or 
January, Ci/tnhopof/on phitinoidcs and Thvmcda iriandra gave 
opt i mum yields during November. 


II. Two-, Titukk-, Font-, Six-, and Eigdt-.montttly f'x'rs. 

44ie average values for the dry matter obtained from the ten 
species at ca<'h cutting have again been chosen as a basis for 
(lis(*UvSvsion. Table TV gives the mean composition and weights of the 
herbage from the diffeient freiincncies of cutting lor the period 
February, 1932, to January, 1934, while the detailed data for the 
ten species over the batter half of the exjierimental period are 
presented in 'Pa hies IT-F of the appendix. 

The determination of the reaction ot pasture species to varving 
systems x>f defoliation and the working out of the most eflicient method 
of treatment with regard to the production of dry matter and essential 
initrients are matters of considerable importance to the gra/der. On 
account of the variable climatic conditiou> of South Africa it is 
realised that woik of this nature xvill have to be extended over several 
years before any definite conclusions may be drawm. 

It bus been demonstrated in the previous paper on this work that 
when pasture specues are allowed to grow" to maturity their nutritive 
value is greatly decreased and <hat this dc(*rease is further emhanced 
by allowing the grasses to become dry on the veld. At the same time 
too frequent defoliations impair' the persistenev of the grasses and 
may be ex])e<*ted to result in relatively low^ yields. 
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While it is, therefore, necessary for the purjjose of optimum 
production by animals to have pastures containing);: a sufficiently hij?h 
content of protein and essential minerals, it is etjually important to 
space the rest periods in such a manner that the pasture may persist 
in yielding large quantities of nutritious food. 

In considering the data from the present investigation it should 
be borne in mind that the herbage from u two-iriontlily, three- 
monthly, etc., out does not uecessanly lepresent the result of 
continuous growth during that length of time. As stated under 
“ details of plot experiment ’’ in the preliminary report a definite 
scheme of cutting at fixed intervals inespecdive of the stage of growth 
was decided upon. This means that the dates on which samples for 
the different frequencies of cutting had to be taken were definitely 
fixed at the comineucement of the experiment. During winter when 
practically no growth takes place no sam])le,s were, of course, taken. 
'J'he result of this system is, to quote an example, that the four- 
monthly (Tit of Seplembei, 1932, was coniposed of young succulent 
growth following ui)on the first rainfall for the season in llie se(^ond 
half of the month. Genernlly speaking, however, the interval 
between two cuis extept during winter and the (bought during the 
latter part of 1933 (until November, 1933) represents the length of 
time that more or less active growth did take place. These int(*vvals 
(Oiild, of (MUirse, a bo be regarded as r(^st periods for the grasses 
betw^een cuttings. 


JJiscnssiou vf lietiuHs,, 

{(i) Season 1931 - 32 . 

r 

The data tor this season are limited to iwo ttvo-mordhly cuts 
in March and May, two three-monthly cuts in April and July and a 
four- ami six-monthly cut for May and July, respectively. 

33ie rajud falling off in nutritive value of the herbage if 
permitted to grow’ undisturbed from the end of January to maturity 
and then allow^ed to remain on the plots is demonstrated by the 
composition of the dry niatter for a two-, three-, k)ur-, and six- 
monthly cut in March, April, May and July respectively. 

The twT)- and three-monthly cuts in May and July respectively 
bring out the elfo<d of defoliations in Marcdi ami April on the composi- 
tion of the herbage r€»sulting from growth during the respective rest 
periods. The insignificant amount of rainfall after March coupled 
with decreasing day and night lemperatiiies as the season advanced 
to the dry and cold winter months had the effect of greatly reducing 
the productivity of the grasses. The weights for the dry matter of 
the two-monthly cuts in March and May were 800*0 and 130*0 grams, 
respectively, while the yield for the three-monthly sample in July 
was only 70 grams in comparison wdth 842*0 gleams for the April 
ihree-monthly cut. 

The smaller yields obtained from the afteiinath cuts* were in 
part eompentoted for hy the better qualitv of the herbage, w^hich 
was (‘haraeierised by higher figures for crude protein, iihOsphate and 
lime, and lower values for <Tud0 fibre. 

m 
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However, for the purpose of estimating the practical value of the 
dift'ereiit frequencies of cutting the yield and composition of the 
herbage from the two-monthly cuts in March and May should be 
compared with the four-monthly cut at the end of the latter month, 
the yield and composition of the herbage obtained from the three- 
monthly cuts in April and July should be considered in relation to 
the six-monthly cut in July, and lastly, the agpegate yield and 
composition of the crops from any one system with that from any 
other system. 

Tile relevant data are given in Table V below. 


Table V. 
{Yields in grams,) 



Two- 

monthly 

cuts. 

Three- ^ 
monthly 
cuts. ! 

Four- 

monthly 

cuts. 

Eix- 

monthly 

cuts. 

Total dry matter produced 

930 0 

912 0 

! 

1 8450 i 

736 0 

Total crude protein produced — 

78-8 

57 3 

42 2 

25-8 

Total PjOj produced 

2-66 

1-62 

1 

] 10 

0 . 7 J 


It should be pointed oui that growth was most active during 
February and March, thereafter falling off rajiidly in aclivily to 
pracliciully no growth after the end of May. The three-, four- and 
six-monthly hay crops taken at the end of. April, May and duly, 
resjiectively, may therefore be expecded to be of a some w' hat vsimilar 
magnitude. The hay cut in July was dry with most of the seeds 
fallen out, couseciuently the smallerSveight of hay for this harvest 
could partly be ascribed to lovsses through exposure to the w^eather. 

There is no significant difference between the aggregate values 
for dry matter produced by cutting at two- or three-monthly intervals. 
An iiuu-ease for any of these two systems over the w^eights obtained 
from single harvests in either May or July is, how^ever, indicated. 

The production of crude protein and jihosphate Is significantly 
higher under the two-monthly system than under any other method 
of cutting, the amounts of these nutrients decrease .steadily as the 
intervals betw^een cuts become greater. 

(h) Season ] 9^52-33. 

The collection of samples for this period was comineiu ed at the 
end of September folh»wiiig upon the first rainfall for the season on 
the 20th of September, Itaiiifall w^as below normal throughout and 
growd/h practically ceased at the end of April, the last sample taken 
in July, a six-monthly cutting, being composed entirely of dry 
herbage. 

The eight-monthly cut taken in September, J982, was laigely 
composed of old growth from' the previous season and w’^iy not be 
coi^sidered in discussing the results for the present season. The 
harvest eight months af’terwards, in May, 1933, may be taken to 
represent undisturbed growth during the whole of the 1932-33 season. 
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In view o£ the tact that growth reased at the end of April the 
aggregate yields of dry matter, <‘riide protein and phosphate oblained 
under the different frequencies of cutting from September, 1932, 
to July, 1933, are comparable. For the purpose of bringing out the 
relative merits of the various syslems more clearly tlie data are given 
in Table Yl belou. 


Taulk Vi. 


(Yield.<t 


Two- 


monthly 


cuts. 

Total dry matter produced... . 

978- 0 

Total crude protein produced. . 

J 15 8 

Total p 2 t ^6 produced 

2 73 


in grams,) 


Three- 

Four- 

Six- 

Eight- 

monthly 

monthly 

monthly 

monthly 

CUtK. 

CUtH. 

cuts. i 

cuts. 

924 0 

734 0 

752 0 

r 

1 745* 0 

102 7 

76 4 

67 • 3 

1 41- 0 

2 23 

1-75 

1*55. 1 

1 104 


('uttirig at tw()-moiithl> intervals was initiated during the 
awakening j^eriod of the i)lants iii September and the herbage for this 
first cut was eniirely composed of young leafy growth. 

The cuts tor November and January both reached the hay stage 
(c.f. Table in appendix ot previous paper) in that all the plants 
were in full flower, the yield fot the latter mouth being the highest 
lor a single cut under this system for the season, following upon fhe 
best lainfall tor the growing period dining the previous mouth. 

Two further harvests in March and May were obiained, the 
herbage for March was ahtiost entirely in the flowering stage of 
growth, while in that obtained in May sboit leafy growth, all'ected 
by frost, predominated. The^se two aftermaths made considerable 
contribuf ions to the bulk of hay obtained in November and January. 

The majority of grasses were in the flowering stage wlieii the 
first cut under th<» f hree-monthly .system was taken in October. The 
longer rest jieriod during the ensuing three monihs wlien growth 
was most active for the season was responsible for a greater yield in 
January than was obiained at the vsame date from a two-monthly cut. 
At the same time the herbage was more mature, the seeds of fully 
half of the ten species responsible for the yields were beginning to 
fall out. 

There was only one relatively small aftermath cut at the end of 
April composed partly of dry herbage in varying degrees of maturity. 

It would appear that a moderate hay cro]) at the flowering stage 
might be more favourable to aftermath production than a heavy hay 
crop at the post-floweiing stage taken at the same date, Tn viW of 
the fact that two cuts werfe taken after the two-monthly cut in Jannury 
as against only one subsequent to the three-monthly cut of the same 
date, such a conclusion must be regarded tentatively but is neverthe- 
less borne out by the work of Stapledon (1924), Metereologi(»al condi- 
tions and the growth habits of the individual species composing a 
mixed pasture are other factors which may influence the results. 
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Following upon the commencement of the four-moutlily system 
with a pasture cut, that is, in the pre-flowering stage, in September, 
a late hay crop was harvested four months afterwards, i.e. at the 
end of January. Althotigh the actual weight of hay oldained from 
this cut is not greatly in excess of the weight from the three-monthly 
crop of the same date the smaller aftermath crop in May tends to add 
weight to the tentative conclusion drawm above in regard to the 
influeiue of a heavy hay crop on the pioduciion of aftermath. 

Working with drills of cocksfoot and swards Stapledon (lor. clt.) 
concluded that the yield of both hay and aftermath were influenced 
to a considerable extent by the date of putting up '' to hay, that 
is to say the date on which the herbage w^as cut for the last time 
before the hay (*rop. Ir^ this connection it is interesting^ to compare 
the aggregate yields obtained from the two hay crops under the two- 
monthly system in ^Joveiuber and January and the weights of the 
single hay crops from the three-, four-, and six-monthly (‘uts at the 
latter date, wdien the dates for the first cuts in each case are regarded 
as “ putting up ’’ dates and the weights of such first cuts not 
included. The relevant data as well as the total aftermath production 
following the hay (;rops under the diflereuf syhtems in January are 
given in tabular form below. 


Tablk VI 

(Haij and Aftermath in (rra/ns.) 



Two- 

monthly 

system. 

Three- 
monthly . 
system. 

Four- 

monthly 

system. 

Six- 

monthly 

system. 

“ Putting up ’* date 

1 

27/9/32 1 

’ 27 / 10/92 

27/9/32 

27/7/32 

Weight of hay 

662 0 

500 0 

514 0 

642 0 

Weight of aftermath 

244 0 

218 0 

158 0 

no 0 


The evidence suggests, firstly, that two hay crops during the 
most i>rodu(dive part of the season (November to January) result in 
a higher aggregate yield than is obtainable from a sipgle harvest, 
secondly, that a single crop from plants “ j)iU up ’ to hay during the 
dead period (July) is responsible for a greater bulk of hay than a 
mngle crop resulting fi*om plants cut for the last time during the 
aw^akening period (September or October), and, lastly, that heavy 
hay and relatively heavy aftermath crops do not occur during the 
iwime season, while tw^o aftermath crops after a ‘‘ flow'ering stage 
hay cut outyieid a single aftermath cut followdiig upon a waning 
tiow^ering stage hay crop. 

From a consideration of the data given in Table VI it may again 
be concluded that, while there is no significant difference in the 
production of dry matter during the entire growing season by the 
two- and three-monthly systems, and the gross yield of dry matter is 
decreased by lengthening the intervals between cuts to four, six or 
eight months, the system of cutting at tw^o-monthly intervals Appears 
to be the most efficient in respect of the production of <*rude protein 
and phosphoric acid^ 
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As stated previously the eijyht-inouthly cut taken in May 
represents undisturbed f^rowth tor the entire j^Towin^ season. The 
hay was described as “ mainly brown, seeds tallinp; out and 
weighed approximately the same as the aggregate yields from the 
four- or six-inoiithly cuts. The percentaf^es phc.sphate and crude 
protein of the hay from this single harvest were llie lowest for anj’ 
of the cuts taken during the season. A system of reserving certain 
areas during ihe growing season for winter pasture is still exten- 
sively practised in some parts of the country and apart from poorer 
pi*odu(‘ti(»n of dry matter indicated for such a system by the presejxl 
investigation the phosphate and crude protein content of this type of 
grazing is (piite insuhicietit for even jxmr milk production under 
ramdiing (*onditions where no snpplementaiy feeding takes place. 

C.’ompared with the iiractice referred to above the system of 
pasture management suggested by the results of (Uitting at two- 
monthly intervals indicates the direction in which the potentialities 
of our grasslands could with advantage be ex])lored. Moderately 
good figures for both crude protein and phosphorus weie obtained 
for all the' two-monthly cuts, depending largely on the degree of 
maturity reached by the herluige of the respective crops. Thus, the 
puvsture cut with which the system was initiated in Sejdemher gave 
higher values for VoO.., and ])rotein than any of * the subsequent 
harvests. All other ‘mineial constituents remained high throughout, 
while the figures for (*rude fibre were not miudi liigher than were 
obtained in the herbage from a more se\ere system of cutting, 
previously discuissed. 

Tile comjiosition of the herbage from the first cuts of the three- 
nnd four-monthly systems in October and September respectively, is 
(‘omparahle with that obtained from a monthly cut while the January 
yield fnun these two systems contains slightly less (*rude protein and 
phosphoric acud than the herbage obtained at the same date under 
the two-monthly system. The values foi these constituents in the 
aftermaths of the three- and four-monthly systems vary similarly 
from the ligures obtained in the aftermaths of the two-monthly 
system. Lime values are throughout higher and potash ligures 
generally lower in the aftermath cuts uncler all systems compared 
with the values for these constituents in the res])ective hay crops. 
All aftermath harvests are characterised by lelatively low values for 
crude fibre. 

Judging from the composition of the six-monthly cut in January 
the hay is slightly less nutritious than that ohtainecl under the four- 
monthly system at the same date, while its aftermath harvested in 
July shows the poorest coinjiosition compared with any crop under 
all systems for the entire growing season, with ihe exception of the 
eight-monthly cut in May. 

(c) Season 1933-1934. 

The data for this season are limited to a pasture cut under the 
two-monthly system in November and hay ci-ops for all the systems in 
January. As previously stated the rainfall for November was excep- 
tionally high and was well distributed over the month. The light 
showers registered before this date had practically no effect on growth. 
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The pasture cut taken at the end of November from the second 
rows of the plots was composed entirely of young succulent growth, 
the composition of the dry matter was very much the same as that 
from the monthly (*uts taken on the same date, and need not be 
discussed here. 

Of greater interest is the effect of this pre«cut in November on 
the average yield of hay at the end of January in relation to the 
mean weights of the hay crops obtained from the third, fourth, 
sixth and eighth rows, which had been cut for the last time in April, 
May, July and May of the previous season, respectively. The 
average yields obtained in January from the respective rows of the 
ten species as well as the dates on which the plants were cut for the 
last time before the hay crops are given in Table VII below. 


Table VII. 
{Yield fi in Gran is,) 


i 

Two- 

monthly 

system. 

Three- 

monthly 

system. 

Four- 

monthly 

system. 

monthly 
systeTTi . 

Eight- 

monthly 

system. 

Cat for the last time on 

27/11/33 

27/4/33 

27/5/33 

27/7/33 

27/5/33 

Weight of hay in January.. . 

490 0 

1,070 0 

920 0 

818 0 

1250 0 


No data in regard to growth after January for ihe systems other 
than monthly cuts are available. The pronounced influence, how- 
ever, of the date of “ putting up to hay , on the hay crops at the 
end of January is again apparent irom the data in Table VII. 
Generally speaking Ihe plants cut for the last time towards or aftei* 
the termination of the previous growing season produced appromi- 
mateiy twice as much hay as plants cut for the Iasi lime at the pre- 
ilowering stage in November of the present season. 

It is difficult at this stage of the investigation to explain the 
variations in yield of the series of plants put up to hay at the 
conclusion of the previous season. VThether cutting’ for the last 
time in April, May or July will influence the hay crops at a specifi^c 
date during the folloyring season is a matter which will be investi- 
gated in the near future when it is Imped to have bigger plots and 
more definite conclusions in regard to factors influencing yield may 
be drawn. 

Compared with previous seasons the hay crops obtained in 
January are relatively heavier; this is attributed to the favourable 
metereoiogicai conditions obtaining since November. 

A consideration of the chemical data given in Table IV reveals 
the fact that as a result of the favourable climatic conditions men- 
tioned above the composition of the herbage cut at the end of 
January, that is after only three months undisturbed growth, is 
qbmparable with the poor quali^ hay obtained in May of the ]^evious 
season after eight months undisturbed growth. Apart from the low 
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values for the more essential constituents, phosphoric acid and (*rude 
protein, all other minerals determined, with the exception of sodium, 
show greatly decreased values as against markedly increased values 
for crude fibre. 

The analysis for the two-monthly hay crop shows slightly better 
figures than that for the other systems. Nevertheless the evidence 
seems to suggest that during the “ zenith period ” of growth of 
seasons with high rainfalls the intervals between successive cuttings 
w’ill have to be redu(*ed to something less than two months for the 
prodmdion of herbage of greatest feeding value. Karlier in this paper 
mention was made of the fact that comparatively low values w^ere 
obtained even in the dry matter of the herbage resulting from (jutting 
at monthly intervals at this period of the growing season. 

On the other hand, from evidence to be considered presently, a more 
drastic system of cutting will have a depressing effect on the yield 
of herbage. The data are as yet too scanty to decide upon a definite 
^^ysteiii but it is apparent that a golden mean between quantity and 
quality of herbage in relation to metereologi(*al conditions will have 
tc be found if the maximum feeding value of our grasses is to be 
obtained. 


JII. Thk Ekkkct of OrxTiNG AT Monthly and Two-montht.v 

IN'I’KKVALS on the A(iGRE(^ATE YiELD OF DrY MaTTKR, (^RUDF 

Protein and Phosphoric Acid. 

With the exception of the 19dd-34 season wdien climatic condi- 
tions were above normal and the data incomplete it has been demon- 
strated that the highest aggregate yields of dry matte)’, ( rude protein 
and phosphate have been obtained by harvesting at two-monthly 
intervals. It will be of interest to compare these results with tlujse 
obtained by cutting at monthly intervals over the same period. The 
data for the monthly <*uts in February and March, 19f‘14, are not 
included. The average aggregate yields of dry matter, crude protein, 
and phosphate, obtained by cutting the respe(jtive portions of the 
ten plots of grasses at monthly and two-monthly intervals for each 
of the three seasons concerned are given in Table VI TI below. 

Table VIII. 

{Yields in Grams,) 



Monthly system. 

Two- monthly system. 


Dry 

matter. 

P,0.. 

Crude 

protein. 

Dry 

matter. 

PaOv 

Crude 

protein. 

•Season 1931-32... 

590 0 

2-60 

74*8 

930 0 

2 56 

78-8 

tSeason 1932-33... 

430 0 

1-43 

62 0 

978 0 

2 73 

116-8 

Season 1933-34... 

436 0 

1 26 

540 

638 0 

1-43 

61-3 
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In considering these results it should be x^emenibered that the 
aggregate yields froui eacih of Ihe three seasons are not comparable 
one with the other/ the data for the 19?jl-32 season relate to only the 
latter half of the season since the investigation was initiated in 
February, 1932, while for the last season data are given only up to 
the end of January; 1934. It is to be noted, lM>wever, that the whole 
of the dry 1932-33 season yielded but little moi'e dry matter under 
the two-monthly system and u. fair amount less under the monthly 
system than was obtained from a portion of the 1931-32 season under 
the two systems respectively. 

The outstanding feature of the data in Table VIII is the greatly 
increased aggregate yields of dry matter obtainable from the more 
lenient system of cutting. This disparity becomes more exaggerated 
in proportion as the climatic conditions are unfavourable during the 
growing season as is apparent from the data foj* the 1932-33 season. 


While cutting at monthly intervals produces herbage of higher 
feeding value during seasons of favourable metereological conditions, 
the shortened interval does not appear to improve the quality of the 
herbage appretdablv during dry spells. During the 1932-33 season 
the production of dry matter was more than doubled by a system of 
cutting at two-monthly intervals and at the same time the aggregate 
yields of crude protein and ]>hosphoric acid were almost twice that 
produced by cutting at moiithiv intervals. At the same time the 
evidence seems to suggest that with more favourable growth condi- 
tions a smaller yield under the more drastic system of cutting might 
he compensated for by the belter quality heihage, provided, of course, 
the grasses are able to stand the more drastic treatment siK'cessfully. 
In this connection the insignificant differences in aggregate yields of 
crude jirotein and phosphoric acid olftained for the two systems for the 
portion of the 1931-1932 season are worthy of note. 

No data are available in respect of the effect of frequency of 
cutting on the development of the root systems of the plants although 
it was observed that the percentage of plants dying us a result of the 
various treatments was greatest in the jiortions of the plots exit at 
monthly intervals. This fact together with the depressing effect of 
drastic systems of cutting on the yield of succeeding seasons as pointed 
out by Stapledon {Joe, cit.) may have been responsible for smaller 
yields under the monthly system than under the two-monthly system 
of cutting during the two seasons following upon the initiation of the 
investigation in February, 1932, but doevS not, on the other hand, 
explain yield in favour of the two-monthly system as indicated by the 
data for the first season of the experiment, when all the plants could 
be taken to have been in their pre-experimental condition. 

It may be concluded that during dry seasons cutting at two- 
monthly intervals is definitely preferable to any, of the systems studied 
in this investigation, while during periods of abnormal rainfall the 
most efficient system appears to be to cut the herbage at a date some- 
where between one and two months depending upon the grovi^th habits 
and resistance of the individual species composing the mixed pasture. 
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SECTION 2.— NEWLY ESTABLISHED SPECIES. 

As already stated, in addition io the investigation reported on in 
Kectiou one of this report work was started on eleven other species 
of grasses towards the end ot the growing season. The grasses 

on all these plots were cut on the 28th February and the same system 
of taking samples for analysis, described in the previous publication, 
initiated on the 28th March. Owing to the laieness of the season w’hen 
cutting was started few* culs were obtained for the monthly samples 
and growdh was generally poor. No attempt will therefore be made 
to discuss the results for the poidion of the 1932-118 season in detail, 
i.e. March-Ajiril, 1933. 

Table (} in the appendix gives the dates of cutting, the yield of 
dry matter and the percentage coiui)osition together with a short 
•description of the stages of growth of the monthly (‘uts obtained from 
March, 1933, to Mar<*h, 1934, while similar data for cuts obtained 
iij) to the end of February, 1934, under all other frequencies of ( utting 
are presented in Tables H-M of the apjiendix. 

])is(u:ssiuN OF Resi lts. 

I. Monthly Ci ts. 

Iteteience to Table (j in the ap])endix reveals the following: 
tIroAvth ceased after the April (1933) cuts in the case of five spe<*ies 
while the remaining six siiecios yielded the last hut relatively small 
ci'ops for the season at the end ot Ma> . In spite of the tact that the 
first gocd rains for the 1933-34 season fell in November two species 
4Jhrysopofjon rnontana and Klyonvrna argent ens began yielding small 
crops ot herbage in August. It w^as possible to take montbly samples 
from AHoierop.sifi seiniaJ<ita>s from the end of Sejdember, w’hile 
A nt hephora pubisccti.s and Eranrontis plana yielded the first samples 
under this system of cutting tor the .season in October, Samples of 
herbage were also obtained from the Eragrofftls sj). and Pa^paluin 
dilaf^furn plots from the end of August, but growth on these plots 
cannot be considered to have taken place as a result of the ju’evailing 
<‘limatic conditions alone, since frequent watering* of adjacent plots 
where new species w*ere being established during August might have 
exerted its influence on growth on the adjacent sides of the Raspaluni 
and Eragrostis plots. Following tlie first heavy rains for the season 
in November growth proceeded actively on all the eleven plots 
<^oncerned. 

The average percentage composition of the dry matter of the 
monthly cuts of the eleven species is given in Ta)>le IX helow’, the 
mean yield being included in the table. It is proposed to discuss 
briefly the results for the 1933-34 season only, those for Marc'h, April, 
a.nd May, 1933, being left out for the reason already stated. 

The dry matter of the composite sample for September, (*omposed 
almost entirely of short leafy growdh, is slightly richer in crude 
protein and phosphate and gives a low^er figure for crude fibre than 
any of the composite samples collected during the season. This peak 
for phosphate in early spring is in agreement with the findings of 
Henrici (1928 and 1930). The data for September herbage samples 
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ill the present investigation are, however, too scanty for a definite 
concluHioii. The species composing the mixed sample and the climatic 
conditions are tac^tors which w^ill no doubt influence the variations in 
phosphate content in the course of the growing season. There is, for 
instance, no appreciable difference in the l^Of, values of Chryaopogon 
Montana and Eragrostis sp. for September and March (c.f. Table G). 
A similar phenomenon was noted in the ease of some of the older 
established species during the 19‘l24h‘i season (c.f. Table IV of 
previous paper). 

Generally speaking, the average percentage composition of the 
monthly cuts of the eleven species vary in a manner similar to that 
of the other ten species, discussed in Section one of this paper, from 
JVovember to March. Minimum values for all the inorganh^ 
(jonstituents and crude protein and a maximum for crude fibre were 
again obtained in the composite sample for January. Phosphate and 
crude protein display parallel variations, wdiile the latter constituent 
and crude fibre fluctuate in opposite direction from October to March. 

It is difficult at this stage of the investigation to decide upon the 
best grasses ainoiTg the species studied. Alloteropsis scmialataa 
certainly gave the liighest figures for phosphate and crude protein 
from month to month thr«)Ughout the season, but yielded, on the other 
hand, a smaller aggregate weight of herbage for the period from 
September to March than any of tlie other species. Jschaetnum 
glaucostackyu/n was the poorest in respec’t of phosjihate and crude 
protein and was responsible for a relatively small aggregate yield of 
dry matter. dhrysopogon vioniana, Eragrostin sp., Paspalum 
dilataivm and Elyonvrvs argentens appear to have stood up best to the 
dry weather conditions experienced from May to October, the 

last-mentioned gra.ss showing green shoots even during the winter 
months. 

Pas pain in gave +he highest aggregate yieltl of dry matter for the 
period September to March. Erograstis plana and Eragrastis sje were 
also high producers of dry matter under the system of cutting at 
monthly intervals. While yielding herbage of relatively high 
nutritive value the frequent defoliations seems to have impaired the 
yielding capacity of Chians gayana. 

IT. SuccESsjvK Monthly Cuts. 

For the purpose of comparison with the data for the older estab- 
lished species reported on in the previous paper (19d4) the average 
percentage composition ot the eleven speides for the period March, 
1933, to February 1934, is presented in Table X at the following 
periods of growth : 1 month, 2 months, 3 months, and so on up to 

12 months. 

A rapid drop in the percentage phosphate and crude proiein as the 
grasses mature is again in evidence, the herbage cut in July containing 
only about 25 per cent, of the phosphorus and 38 per cent, of the crude 
protein present in the crops for March. After a light shower in the 
beginning of September a slight improvement is noticeahle for the 
samples taken at the end of the mouth. This increase in percentage 
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pliospJbate and crude protein disappears during almost two months of 
dry weatlier with the result that the percentage composition of the 
Jierbage cut at the end of October is similar to that of the samples 
harvested at the end of July. Contrary to the findings of the previous 
year a remarkable improvement in the percentage composition of the 
herbage occurs in the samples for November. Two factors, viz., 
excessive loss of matuie herbage, low in phosphate and crude protein, 
due to strong winds during the dry weather of the greater part of 
September and October, and relatively large amounts of new succulent 
growth following upon the copious rains during November may be 
said to have been responsible for the greatly increased phosphate and 
crude protein values for November. Reference to the descriptions of 
the samples from individual species given in Table M of the appendix 
shows that old growth from the previous season must have disappeared 
compJetely from some of the plots during December or January. Con- 
ditions for new growth remain favourable to the end of January, 1934, 
but owing to the increasingly higher degree of maturity obtained by 
the herbage (composing the samples for 10-, 11-, and 12-moiithly cuts 
at the end of Dec^ember, January, and February, lespecdively, Ihe 
percentage phosphate and crude protein decrease gradually from 
November to February. 

The percentage of potash and chlorine show a persistent drop from 
March to tlctober. It is to be noted that no improvement occurs as a 
result of new growth after the light shower in the beginning of 
September, a finding similar to the results of the previous season 
(du Toit, et al, 19f}4). A striking iiniirovement, esjiecially in the 
j)ercentage of potash is, however, brought about by ‘the heavy rains 
of November. It has been suggested in the discussion of the potash 
figures in the previous paper that the old growth forming part ot the 
mixed sample of herbage after new grgwth has commenced following 
upon the first spring rains contained a lower percentage of KaO than 
the same old growth did prior to the rains. For the purjiose of 
elucidating this point a number of mixed samples cut at the end of 
November have been divided into old and new growth and analysed 
separately. Table NI below gives the percentage composition of the 
Cctober samples, composed almost entirely of growth from the previous 
season, and of the old and new growth portions of the samples cut at 
the end of November for two of the species studied. The analysis of 
the mixed samples for the latter month are included in the table. 

A study of the results given in Table XI and reference to the 
data in Table X reveal the fact that the process by whicb minerals 
and protein are lost from the herbage portions of plants commences 
after approximately two months growth when the plants are fully 
mature, probably earlier (c.f. Richardson, et. aL, 1931, 1932), 
continues to at. least November and appears to be aggravated by heavy 
rains as experienced during this month. The actual mechanism of 
the process has not been studied. In addition to the work of 
Ri^chardson referred to above the finding of Henricij(1930) that re- 
migmtion of Pj^O* from leaves and haulms to root and root neck takes 
place during autumn is of interest in this respect, while it seems quite 
plausible that rain may have a leaching effect on the constituents 
contained in oM dry grasses which have been subjected to adverse 
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liietereolQgical eruditions, such as frost durinf< winter and the 
subsequent weathering of the dead aerial parts. Van Wyk (193»i) 
believes that rain probably has a leaching effect on the constituents 
of grasses even at an active stage of growth. The fact that a large 
quantity of potash remains in a soluble form throughout the growdh 
of the plant as demonstrated by Bartholomew and Janssen (1929) will 
probably facilitate lea(‘hing out of this constituejit, and more so in 
old dead grass of the previous seasoirs growth. 


Taulk XI. 

A 71 th eph ora puhef^cen .v . 


Date of cut 


Crude 






and description 

i’,o,. 

Pro- 

CaO. 

KjO. 

MgO. 

Na*0. 

Cl. 

of growth. 1 

1 

tein. 






October, 1933. 

i 

1 

1 




i 


Old growth 

•09 

j (i 1 

95 

53 

•50 

•021 i 

18 

November, 193.‘1. 






1 


Old growth 

04 

! 2-7 

•56 

•26 

•43 

•020 

06 

New growth i 

•27 

1 10-6 

•43 

2 35 ! 

i 1 19 

•055 1 

•71 

Mixed growth 

22 

' 8-8 

j -54 

1-85 i 

1 -97 

037 

•56 


Pa Tipa Iv in cl i Ja fa i inn. 




October, 1933. 





1 

1 



Old growth 

•07 

4-7 

1 ’SK 

•65 

•32 

•027 

•08 

November, 1933. 








Old growth 

•05 

3*4 

•59 

23 

•24 

•020 

04 

New growth 

•37 

14-2 

•52 

3 53 

•48 

077 

•48 

Mixed growth 

•22 

10-7 

•53 

2 08 

•41 

; 1 

•0.53 

i 

•26 


However, from what has been said it is apparent tlial the propor- 
ium of new to old growth in the mixed samples cut after the first 
spi iug rains will largely determine the mineral (imposition of such 
mixed samples. A glance at Table A in the appendix of the previous 
paper shows tliat during October, 1982, the samples w’ere composed 
mainly of dry mature heihage from the ])re\ ions season while in the 
November (1982) samples obi and new' growth were present in approxi- 
mately equal ([uantities, with the result that no improvement in the 
per(*entage composition of the samples, in spite of new growdh, was 
fouml. 

On the other hand, new’ giwth predominated in the samples for 
JNovember, 1933 (c^f. Table M in appendix) following upon climatic 
conditions wdiich caused the removal of large quantities of old grow^th 
from the plots during October and favoured rapid new’ growth during 
JNovember with the result already indicated. 

From November to February potash and to a lesser extent 
chlorine values in Table X drop in a manner similar to phosphate and 
crude protein. 
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The lime, magnesia atul soda values in Table X, while showing 
appreciable variations, do not a]»pear to be influenced to any marked 
degree by the stage of maturity of the herbage. Lime and magnesia 
tend to increase from March to July, thereafter showing decreased 
values, especially during the months December and January when 
growth was most active. In this (^onnection the findings of Richardson 
and associates {loc, cit.) are of interest. According to Ihese workers 
calcium, unlike phosphorus, potash and nitrogen, is absorbed 
continuously thi*oughout growth and the percentage intake tends to 
increase with the development of the plant. Furthermore, the sugges- 
tion of Maskell and Mason (([uoted by Richardson) that the calcium, 
once in the cells of the plant is either precipitated or combined with 
tissue in such a way that little remains in solution would explain the 
consistency high values obtained for calcium in the samples from 
March to July as against greatly decreased values for phosphorus 
protein and potassium. 

Sodium values which are remarkably low for all species except for 
the outstandingly high figures for Chloris (jay ana ^ show very little 
variation from Mandi to August. Values decrease during Septembei 
and October but improve again after good rains in November followed 
by a second drop in January and February. 

Figures for crude fibre in Table X remain practically constant 
from March to September. A gradual rise to a higher level, which is 
maintained for the rest of the period under discussion, in December is 
indicated. 

The general conclusions drawn from the data of the eleven species 
reported on in the previous paper apply equally well to tlie data for 
the species of grasses under discussion. Briefly, i)hosphorus and crude 
protein values are deplorably low’ as the period of growth advances 
beyond two months. Sodium values are generally low and the possi- 
bility of being present in inadequate amounts for production in (pertain 
pastures is suggested, while all other constituents determined appear 
to be present in abundance. 


III. The Influence cf Frequency of Cutting on the Production of 
Dry Matter, Phosphate and Crude Protein. 

For this purpose the data for the 1933-34 season alone will be 
fM)n8idered. The six^monthly cuts taken at the end of February, 1934, 
represent undisturbed growth from the end of August and are com- 
parable with the aggregate yields obtained from the one-, two-, three-, 
and four-monthly systems and resulting from growth during the same 
period of six months. The average percentage composition and yield 
of herbage obtained under the monthly system of cutting from the 
species studied are to be found in Table IX earlier in this paper while 
similar data relating to the other frequencies of cutting are given in 
Table XII. 
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From the data in Tables IX and XII the aggre^^ate production of 
dry matter, phosphate and crude protein for the six months September 
to February under all treatments have been calculated and are 
presented in tabular form below. 

Table Xlll. 

{Yield ill Grama,) 



Monthly 

cuts. 

1 Two- 
1 monthly 

I cute. 

Three- 

monthly 

cuts. 

Four- 

monthly 

cuts. 

Six- 

monthly 

cuts. 

Dry matter 

860 0 

1347 0 

824*0 

1339-0 

1125-0 

P,o, 

2-68 

2-88 

1 -56 

! 1-80 

1 35 

Crude protein 

107 0 

115-7 

71-0 

71-7 

60 7 


In respect of dry matter produced there is no difference between 
the two- and four-monthly systems, while the single harvest in 
February shows a slightly lower yield than was obtained under either 
of these treatments. The aggregate yields of dry matter under the 
monthly and three-monthly systems are of a somewhat similar 
magnitude but are only about GO per cent, of the weights obtained 
under the twT)- or four-monthly systems. The low yield under the 
three-monthly system affords additional evidence with regard to the 
influence of the date of “ putting up ” to hay on the subsequent |h«»- 
ductiou of dry matter. 

Reference to Table Xll shows that this system was initiated in 
Movember after the first good laiiis for the season. (Irowth actually 
commenced before this date but became active only during November. 
The effei't of a defoliation during this month on the production of hay 
in January under a two-moiithly system has been demonstrated by llie 
results given in Table VII (see Section 1). In the case under con- 
sideration the hay crop was harvested a month later, in February, 
but was nevertheless influenced in a similar manner by the late pre- 
ciit of November. 

While, as stated abo\;e, the yield of dry matter under a two* 
'monthly system does not exceed that obtainable under li four-monthly 
system the gross produiffion of the essential nutrients phosphate and 
protein under the former system of cutting is greater 4han under any 
of the more lenient treatments, a finding in agreement wiih the con- 
clusions drawn from the data of previous seasons discussed eiirlier in 
this paper. The possibility that a smaller yield will be compensated 
for by a better quality of the herbage obtained from a more drastic 
system of cutting during periods of favourable (dimatic conditions is 
again siiggested by the insignificant difference in the gross yields of 
phosphate and protein under the monthly and two-monthly svstems 
of cutting (c.f. Table XII). 

CENSRAL CONCLUSIONS AND SUMMARY. 

The investigation which has been dealt with in this paper is a 
continuation of earlier work carried out in 1932 on species of grasses 
grown on separate plots and exposed to the same climatic conditions 
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while being subjected io the following system of cuitiiig ; A po,rtion 
of each plot was cut ai monthly intervals, another portion of the plot 
was cut at two-monthly intervals, a third poriion at three-monthly 
intervals, and so on, up to twelve months, when a sample of twelve 
months' growth was taken off each plot. The grass resulting from each 
cutting w^as weighed when air-dry and sampled for analytical purposes, 
l^he constituents determined were crude jn'oteiii, <*rude fibre, 
phosphorus, calcium, magnesium, sodium, and chlorine, 

while the determination of soluble or silica-free ash was included 
towards the end of the investigation. 

Detailed data relating to all the cuts obtained from individual 
species from February, 19^18, to February, 19^14, are tabulated in an 
appendix. Average values for all the species combined have been 
chosen as a basis tor dis<*ussion. 

(1) Grasses ctiI at monthly intervals are highest in percentage 
phosphorus and crude protein and lowest in per(*entage crude fibre. 
With decreased frequency of cutting tlie crude fibre content rises to a 
maximum at maturity, while the })hosx)honis and crude protein 
contents drop inaikedly to minima in the old mature herbage cut 
prior to the commenceineni of new growth in the following season 

(2) The different freijuencies of cutting do not appreciably 
intlueuce the lime and magnesia <‘ontents of the herbage. 

(ti) Fure species grown on the same soil and exposed to the same 
climatic conditions show appreciable differences in mineral and protein 
content when harvested after definite intervals, e.g. one month. 

(4) FliK'tuatkms in the chemical composition of species cut at, 
say, monthly intervals during the growing season are indicated. These 
variations are attril>nted mainly to the stage of growth attained liy 
the species and to the rainfall in so far as it influences the stage of 
growth. 

(5) Itainfall is the most important factor governing the yield 
from monthly cuts. 

(()) During dry seasons the phos])horus content of herbage cut at 
monthly intervals tends to be low\ At the same time the percentage 
lime is high. The (uude xirotein content does not ap^iear to he 
adversely affected by drought. 

(7) The percentage of mineral constituents and crude piotein are 
low and crude fibre high during seasons of xd^utifiil rains. 

(8) (Jutting at monthly intervals impairs the persistency of most 
sjiecies, Pennuetum ciliare and Cynodon dnctylou being the only 
grasses not visibly affected by the severe treatment. 

(9) The highest yield of dry matter is obtained from pasture 
species by cutting at two-monthly intervals during the growing season. 
The evidence suggests that while the yield from fewer cuts or a single 
harvest may not be much smaller the herbage will definitely be of 
lower nutritive value. 

(10) The aggregate production of crude protein and x>hosphate is 
highest by cutting at two-monthly intervals. 
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(11) The difference in nutritive value between herbage (^ut at 
monthly and two-monthly intervals becomes insignificant during 
seasons of dry weather conditions. 

(12; The date on which a system of cutting is initiated is found 
to exercise a determining influence on the prodtictiveness of herbage 
plants in the (ourse of the growing season. The jiroduction of dry 
matter seems to be depressed by a first cut during the period when 
active growth commences. 

(13) The practical suggestion which is a corollary to this investi- 
gation is that an attempt should be made to prevent natuial pastures 
from gTOwing undisturbed during the entire season if ecTmonuc* utili- 
zation of such pasture is to be made. Provided the effects of i)eriodic 
cutting are at all comparable with grazing by animals this object 
appears to be attainable by following a system of inamigement in 
which the pasture is grazed down at least once every two months 
during the active growing season depending, of course, on the pre- 
vailing climatic (onditions and the botanical composition of the 
pasture. 
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Table jB. {contimied). 


MINERAL CONTENT AND FEEDING VALUE OF NATURAL PASTURES 



liiar(^> 19S3 *29 11-4 *94' 2-28 i -74 050 * 71 * — 26 8 172 0 Green, with flowerheads. 

-24 8-9 -85 1-40 ? 67 | 013 -55 j 4 14 23-6 86 0 Mixed, mainly green, short. 

November, 1933 -27 12 1 -76 2-14 j -59 048 -22 4-29 33 3 246 0 Green, few flowerheads. 

laaoaty, 1934 -18 5-4 *46 1-37 | -37 036 08 j 2-80 i 39-5 ' 450*0 Green, with flowethrauls. 
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Section VIII. 


Surgery. 


QI'INL\n, 4., in: Koc k, The openitioii of spleiiectoiuy in horses, 
Ij., AM) Marais, I. W cattle, sheep, ^oals, pij>*s, do^s and some 

S.A. antelopes. A snniniuiy of ihe results 
of 98 s})leiiectoinios. 


2T1 




(hidersiepoort Journal of Veterin(fry Science and Animal 
T nd ust ry , Volume o, Nutubci 1, J'uly, 


The Operation of Splenectomy in Horses, Cattle, 
Sheep, Goats, Pigs, Dogs, and some South 
African Antelopes : A Summary of the 
Results of 98 Splenectomies. 


iiy 

.1. QUINI.AN, K.K.C.V.S., Dr. .Mr.l. Vet., ]).V.Sc.. Sub-Diivetor ; 

(t. J)E K0('K, M . W \".S. , J)r. Med. Vet., D.Se., Deputy Director; 
011(1 

I. D. M Alt A IS, H.Sc.( A^ric. ), D.V.Se., lt(*sein'rK (ifficer, Onderste- 

poor! . 


WriiiTN recent years the a(lvauc(‘ in our knowletljj^e ot the functions 
of the sple(Mi and its lole in c(»rtain diseases ot (he blood have justitied 
tin* ojieration of splene('toui\ as a r(*coj»nised treatment in ceilain 
iorms ot anaemia in human medicine; lemoval ot th(‘ spleen is no 
lono(T ('ontined to cases of N})lenic trauma. 

In tile lower animals the operation ot sphmectomy , as a cuiative 
measure, has been undeitaken onl\ in the do^* in the ruse of traumatic 
injury and in splenic new<»rowt hs. There is little doubt that the us(* 
ot the operation can be successfully (‘^t(*nde(l and will be in the 
future, with the pro^^ress ot sur^tuy in the lower animals. Tlie 
ojieration would save the lives of do«s that suite!' from sjiontaneous 
s|»leni(' ruptuie, whidi sometim(*s occurs as a secjiiel to canine piro- 
plasuiosis. However, sidenectomy in canine meclicine is confined to 
V(derina7\ specialists and has not yet become a general practice. 

The o])erati()n ot sjilenectomv in veterinary medicine has been 
mostly of an exjieriiiiental nature. Foi- this juirpose it has been 
carried out on do^s in nuin\ countries. De Kock and (Quinlan 
o])erated successfully on horses, cattle, shee]), and ^*oats. The litera- 
tuie appears s('anty in reference to the ojxu'ation except in the do;,**. 
Wartliin (190^1) ])ublished the results of splenectomy in sheep and 
goats, nis results Avere not satisfadory, as bt) per cent, of the 
animals ojierated u])on died from sliock. In this connection Warthin’s 
results are surprising, as shock folloAving the operation has been a 
rare occurrence in over ninety splenedomies performed by one of us 
(Q) in the (*oiidudion of a series of experiments on piroplasinosis, 
theileriosis, eperytlirozooniasis, anajdasmosis, and tryjianosomiasis, 
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SPT.KNKCTOMY IN JIOMKSTK’ ANIMALS AND SOME S.A. ANTKLOPES. 


lleuiuvul of the spleen was first introduced at this Institution to 
study the nature of the ret iculo-endotlielial system, in which one of 
us (de K.) was interested. It was he^un on horses and w^as followed 
hy such important results that it was extended to cattle, sheep, goats, 
and antelopes with equally important sequelae (de Kock and Quinlan, 
1920). 

Since the i)ublication of the ahovementioiied work the use of the 
operation has been extended at this Institution as a means of 
rendering animals susceptible to certain protozoal diseases and also to 
demonstrate whether they were carriers of infection. For this purpose 
it is highly successful. 

The ojierution has been applied in the study of the life cycle of 
certain blood parasites, ft has been used in the diagnosis and the 
study of suscejitibility and immunity to diseases such as anaplasinosis, 
piroplasmosis, trypanosomiasis, and eperythrozooniasis. Further the 
value of splenectomy in the study of the distruction of erythrocytes, 
the metabolism of the ])igment of the blood, and the reticulo- 
endothelial system has been ap]ireciated. 

The rcvsults of completed studies have already been published in 
the Ileports of the Director of Veterinary Services and Animal 
Industry and in the Onderstepoort Journal, The experimental work 
now in progress will be jmblished later in the Onderstepoort Journal. 

Splenectomy has been successfully performed on horses, cattle, 
sheep, goats, pigs, dogs, and a tew South African antelopes, viz. : 
the blesbok {DainahHvns aJhifronx) and the duiker (S jtfl cl ca pra griinmi 
grim in i Tj.). 

Since de Kock and Quinlan (192(i) published their paper some 
other workers, using almost similar operative technique, have 
splenectomized bovines (Meissner, 19H1, llees, 19eld). IJiese are the 
only references that can be traced iif the literature to tlni operation 
in the larger domestic animals. However, it a])pears likely, now that 
the operation has been ])erforraed extensively and successfully, that 
it will tiudlitaie the task of research workers in tropical and sub- 
tropical countries. 

In this ])aper ii is not intended to recapitulate in detail the results 
of lemoval of the spleen in the lower animals as already published by 
de Kock and Quinlan (192()', 1927), de Kock (1929), du Toit (1981); 
Meissner (19"U), Rees (19dd), Neitz and du Toit (1932). The object 
of tlie paper is to give an account of the operative technique and the 
methods of anaesthesia used, as well as a summary of the result 
obtained in animals splenectomised vsubsequent to the first publication 
of de Kock and (Quinlan (1926). 

THE OPERATION, 

General Remarks. 

In the case of ecpines it is advisable to select young and small 
animals as the operation is very diflScult even in medium-sized horses. 
The fi^rst operation performed was on an adult mare of small size with 
a wide open “ coupling The operation was successful, but it was 
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extremely iedious iuiJ tiresome and, as will afterwards be ])ointed out 
in the para^raidi on operative te(*hni<iue, the dauf^er of peritonitis is 
very real, because of Ihe j)rotra(ded nianijnilations which are 
tieeessary within ihe abdomen. Afler this hrst experienee immature 
animals were used, when seleelion was possible, that is horses under 
two years and cattle under eighteen months. In one ease an ox 
weighing seven hundred ])ounds was operated upon. Such an opera- 
tion requires considerable ])liysical strength as well as technical skill 
and should not be undertaken by surgeons with a fragile c*,onstiiution. 
The best- surgical results ciu\ be obtained with very small animals as 
Ihe oi>eration can be c-arric'd out expeditiously and short abdominal 
?nanipulat.ion only is necessar\. 

The* subjec ts, here selection is possible, should be in good hard 
condition. Obesity is undesirable, while very ])oor animals may show 
shock. In the c-ase of the smaller animals sucdi as sheej), goals, pigs, 
and dogs obesity is objecd lomible as the subcutauc*ous and intra- 
abdominal fat somoNNhat im]>ede la])arotomy. This, however, is the 
only objection. 

A. IhT L OPKH \'riON IN TIoum s. 

Prri)araiioH . 

The following jnec-autions are taken before bringing the ani'inals 
into the operatini*' theatre. The jm'paration includes dieting, 
purging, and starving with the objecd of reduc ing as tar as possible 
the volume of the stomach and intestines. ^Jdie hoises are ])ut cm a 
concentrated non-bulky diet cught clays prior to the o])eration. The 
diet consists of oats and bran uith a few pounds ol grcu*n lucerne 
daily. Water is given (kI hhldinn. Food and uatt‘r arc* withheld and 
a mild purgative administc'rc‘d W hours before the operation. The 
horses are clipj)ed and washed the day ])rc*vioiis to operating and a 
large area over the left flank shaved and ])ainted with tincture of 
iodine. From this time stc*ri]ized bcMlding only is used in the box. 

1 ti(f( stlii’sfd . 

(leneral anaesthesia is aclo]ded. Fhloial hydrate in a solution of 
10 ])er cent, with normal saline is used in company with cdiloroform 
inhalation. Idle dose given varies from to 3 grams per 100 pounds 
body-weight. It is given intra’s c‘n(*ously at the rate of /iO-Tb c.c. ])er 
minute. Dee]) anaesthesia is produced by cdiloroform inhalation 
following the injection of chloral hydrate*. 1die chloroform is 
administered through an open mask. 

Th is method of anaesthevsia for ecpiines has been used at this 
Institution for a number of years with conqdete success. In no case 
was there the slightest c ause tor anxiety as to the welfare of the patient 
during the ojieration. The horses rec'overed ra])idly from the effects 
of the anaesthetic and did not show’ synijitoms of operative shock. 

Technique, 

The pati(*nt is placed on its right side on the operating table. 
The fore limbs and head are fixed in the most convenient position, 
ivhile the hind limbs, wdth the joints extended, are drawn wslightly 
backwards so as to make the region of the flank as approachable as 
possible. 
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The skill over the shaven urea in the left flank is then liberally 
swabbed with ether, 'i'he area snrroiiucling the field of operation is 
covered with sterile linen which is held in position by cloth forceps. 
The hands and aims, after a thorough cleansing with synol soap and 
warm water, are bathed with alcohol-corrosive sublimate solution 
(1 — 1,000). They are finally rinsed in sterile physiological saline. 

The instruments, after slerilisation in the aiiioclave, are used 
dry or transferred to sterile physiological saline. 

Ijapa/rotomij. 

A vortical incision is made through the skin and muscles down 
io the peritoneum in the region of the left flank ahonl five ceniiinetres 
behind the last rih. The incision is begun as close to the transverse 
ju’ocesses of tlie lumbar vertebrae as possible, as this ])08ition facilitates 
the approach to the splenic vessels when the remainder of the organ 
has been moliilised. The length of the iindsion varies from 15 cm. to 
‘Jo cm. ac(*ordiug to whether the patient is a small or large animal. 
In large animals the longei* incision is necessary as both hands and 
arms must be used inside the abdomen at the same time. Haeinorrliage 
is now arrested. The peritoneum is caught up in a force])s and incised 
in the direction of the (uitaneous incision for a distance of about- half 
an inch. 

A large piece of sterile gauze is placed over the field of oiieratlon 
and an incision made through it over the length of the wound. The 
gauze is attached to the lips of the wound by sutures or forceps. 
Sutures are preferable as they do not interfere with later manipula- 
tions. The peritoneum is included in the sutures. It is gradually 
opened as the suturing extends towards the extremities of the incision. 
The suture material is, not cut off short but is looped so that it may be 
used for dilating the wound when necessary. 

When mobilising the spleen the relations of the intra-ahdominal 
07 ’gans are disturbed as little as possible. To maintain the normal 
relationship it is necessary to leave the cavity of the omentum intact 
by laying on a line of sutures which wdll unite the gasiro-splenii* and 
the greater omentum. 

The mobilisation, of the spleen differs somewhat in small and 
medium-sized animals. In the latter only a small portion of the 
apex of the s])leeu can he withdrawn, so that all the ligatures have 
to he c()m])leted within the abdomen. In conseqiLen(‘e both hands must 
he used for intra-abdomdiial manipulation. Using fine silk for 
ligaturing, operations are begun at the apex of the spleen. The gastro- 
splenic and greater omentum are caught between the thumb and 
fingers of the left hand, while the right hand carrying a half-circle 
needle and ligature silk is passed over the parietal surface of the 
spleen. The needle is passed from before bai^kw^ards through the 
omentum, and then, having isolated a portion it is again passed from 
back to front and withdrawn through the laparotomy opening. The 
ligature is completed by knotting the silk. For the purpose of apply- 
ing tension and also to facilitate knotting a short piece of plated steel, 
oiie-and-a-half inches long, is attached to the free end of the ligature 
silk. By this means the fingers of the left hand working inside the 
abdomen can easily apply the knot. Proceeding in this way a double 
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low of sutures is laid vn uiiitiiij*- ilie ^^astro-splenic and the greater 
omentum aloii^* the entire length from the ajiex to the hilus of the 
spleen until the splenic vessels are reached. The attachment is divided 
between the double row of ligatures by means of a lono- blunt-jiointed 
scissors. The suspensory ligament is then treated in a similar manner 
until the spleen is attached only by the splenic vessels and nerves. 
A last doTible li^^^ature is passed around the vessels and nerves at the 
hil us. The spleen is then detached with ihe s(‘issors close to the 
distal lif*'ature and withdrawn. 

In li^’atin^*, the (dose connection of the stomacdi with the spleen 
must be remembered and the orj^-an in*ote(‘ted from injury. While 
ligating the splenic vessels tore must be exercised that too nunh 
tension is not applied as the splenic vein may rupture and cause 
considerable haemorrha^ye. To obviate this accident the vessels aie 
first (damped with a lon«* forceps and then li^>atured. This method 
facilitates the ai)plication of a reinforcing* ligature for extra safety 
after the s])leen has been removed. 

ddie abdominal incision is then closed in three layers without 
drainage. Cdiromatised catgut is used for the })erit()neum and the 
mus(des and silk for the skin. At first two tape tension sutures as 
well as as small gauze drain were used, but tliey appear to be un- 
necessary and have a disadvantage in that there is more likelihood of 
supi)uration. Tlie wound is sealed with collodion and iodoform and 
covered with gauze and mastisol. 

The operation is com])lete(l by tJie application of a sterile pio- 
tective bandage. 

In small horses the ojjeration is not so difficult as a large ])ortion 
of the spleen (*an l)e withdrawn through the abdominal incision, and 
ihe application of many of the ligatures can be done under direct 
observation. An iiu'ision 15 cm. in length is sufficient, since it is 
necessary to introduce only one hand into the abdominal cavity. In 
foals the aj)ex of the spleen can be withdrawn anti most of the omental 
ligatures as well as those (7n the susjiensory ligament can be applied 
outside the abdominal cavity. In this Avay the organ can be consider- 
ably mobilised. Then the left hand is introdu(;ed and the remaining 
attachments — small jmrtion of the gastro-s])lenic and great omentum 
and the suspensory ligament surrounding the splenic vessels — are 
piessed together and caught in a stiong force])s. A silk ligature is 
api)lied on the compressed tissues and the spleen removed with the 
scissors. 

Outside this small technical change the operation in both small 
and large horses is identical. 

Diffivulties, 

These are chiefly concerned wdth the ai)pli(iationof the ligatures in 
large horses, as the intra-abdominal manipulations are not under 
direct observation. The mobilisation of the organ should be (om- 
pleted as far as possible before attemjding withdrawal, as it very 
easily ruptures and causes unpleasant haemorrhage. The operation 
causes considerable fatigue on ac(*Dunt of the slight elasticity of the 
thoracic w^all and the position which necessarily has to be assumed 
by the operator. 
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2. "-Equine 16072, 6 weeks aftei operation 
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B, Thk Operation in (Jattle. 

The prepiiratioii, anaesthesia, and tlie laparotomy are similar to 
what has been (lescri})e(l for horses. A sli^*lit modihcation is, how- 
ever, necessary with Ihe ])osilion of tlie ( iitaneous incision, which is 
made parallel to the last rib and about 5 cm. posterior to it. It is 
begun as high up as possible in the angle between the posterior rib 
and the transverse processes of the lumbar vertebiae; a length of lo 
to 20 cm. is sufficient. 

The left hand is introduc ed into the abdomen between the rumen 
and the visceral surface of the s])leen. lieginning at the antero- 
inferior aspect of the area of attacdnnent tlie ])eritoneum is ptuforated 
along the line of its reflection from the rumen to the spleen and the 
connective tissue broken down by careful blunt dissection. When 
difficulty is experienced in breaking through the tissue with the 
fingers, as is sometimes the case in adult animals, it is cut through 
wdth a long-handled scdssois. Proceeding by means of blunt dis- 
section the detac hment is c ompleted over the face of the rumen and the 
adjac*ent fac*e of the reticulum, as well as over the left c-rus of the 
diaphragm, until it leniains attached only by the splenic* vessels and 
nerves at the hilus. The spleen is then withdrawn and the vessels 
caught in a strong forc*eps. A double ligature is p1ac*ed on the vesseds 
about 2 to d c*m. from tlie hilus and the spleen is detached by cutting 
bc'tween the ligatures Avith a sc*issors. 'Fhe forc*e])s is opt*ned slowly to 
observe whether the ligatuie has (‘oni])letely occluded the \essels befeme 
rel(*asing tlie stump. 

Intra-abdominal manijiulation should be gentle and c*areful as 
riqiture of the capsule of the s])leen will cause jirofuse and trouble- 
some haemorihage. 

Idle abdominal wound is cdosed by sutuiing the peritoneum and 
muscles wdth catgut and the skin with silk. Post-operative protection 
of the w’cmnd is cari'ied out as in cupiines. 



Fig. d. -BoAune 894, 3 weeks after operation. 
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Fig. 4. — Rovino S94, 71 months sitter operation. 



Fig. o. — Bovine 894, 2 years after operation. 
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Fig. 8. — Bovinp 898, 2 years and 4 months aftei* opf‘ration. 



Fig. 9. Bovine 2<)JI, 10 months after operation. 
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Fig. 10.- -'Bonne 2()11, 3^ years alter operation. 



Fig. 11. -Bovine 2011, 1 years and 2 months afto operation. 
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C. The OjMiiiATioN in tde Sheep, Goat, and An'ielope. 

The technique of the operation in the shee]), f^oat, and antelo])e 
differs little from that described in hovines. The oral administration 
of chloral hydrate for anaesthesia, which was used in the commence- 
ment, was later suf)er(;eded by intravenous injection. The laparotomy 
is done in the same situation. The left hand is inserted into the 
abdomen and passed over the jiarietal surface f)f the spleen. The at- 
tachment between this surface and the diaphragm is first broken doMJi 
by blunt dissection. Then beginning at the most inferior portion of 
its a1ta(*hment to the dorsal curvature of the rumen the tissue is 
broken dowui up to the hilus. So as to ]ireveut stripping of the 
peritoneum from the surfa(‘e of the rumen a long curved scissors is 
used as an aid to blunt disse<*tion with the fingers. Small portions of 
peritoneum and fibrous tissues are isolated and cut through. The 
remaining attachment to the left crus of the diaphragm is hrokeii 
down ill a similar manner j>roceediiig cranially. The detaclimeiit of 
the spleen is carried out in a similar way to that described in the 
bovine. The wound in the abdominal wall is also (dosed in a similar 
manner. Post-o])erat i ve ])rotection is carried out as in eqiiines. 

The (‘apsule of the spleen in sheep and goats is veiy easi]> ru])- 
tured. If such an accident ot‘(‘urs there is profuse haemorrhage, con- 
seipieiitly dissection oi the splenic attacdiments must be carried out 
with gentleness and ])atieTice. 



Fig. 12. — Ovines 28498 and 28578, nine months after splenectomy. 
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1.3. Group oi splonoctomisf^d sheep, one of which, No. S429 had 
been splenectoinised 6 years 7 months prtu lously. 



Fig. 14. — Group of splenectoinised sheep, one of which, No. lG02f3. 
had been splenectoinised 6 years 5 months previously. 
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Fig. 16. — Caprine 8280, H weeks after operation. 
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Fig. 19. — Caprino 8280, 6 years 11 inonths 
after operation. 



Fig. 20, — Duiker (t'^ylvica%)ra grimml grhnvii L.) ,'i2806, 
one daj’ after operation. 
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Fig. 21. — Ble.sbuck (Danuilisrvs alhifrons) 33600, 

TnontlLs after operation. 

I). The Operation in the Pig. 

The pig is also carefully prepared for the operatiou. Pernocton, 
by the intravenous route, using one of the auricular veins, is used as 
an anaesthetic. This method of anaesthesia for tlie pig is excellent. 
The dose used is 0*03 grams per kilogram body-weight. 

The route of approach to ihe spleen is immediately behind the 
last rib on the left side, beginning as close to the lumbar transverse 
jirocesses as possible. The incision runs parallel to the rib. A shori 
incision, about 8 cm., is sufficient as the spleen can bo easily and 
compleiely withdrawn Ihrough such a small o])ening. One or two 
fingers are introduced into the abdomen and the spleen drawn through 
the opening. A double series of fine silk ligatures are then placed 
along the splenic attachment at the hilus and the organ detached by 
cutting between the ligatures with the scissors. The abdominal wound 
is closed by three series of sutures; those for the peritoneum and the 
muscles being of catgut and those for the skin silk. Post-operative 
protection of the sutured wound other than the usual vseal is un- 
necessary. 

E. The Operation in the Dog. 

There is no difference between the technique of the operation in 
the dog and that described for the pig except that the spleen can be 
withdrawn either through a mid-ventral or a low flank incision. 
Of the two routes of approach the flank incision is preferred and 
will be used in future operations. 

Anaesthesia is accomplished in canines by tlie use of subcutaneous 
eukodal followed one hour later by intravenous pernocton ; 1 c.c. of 
eukodal is used for each 5 kilograms body-weight and O’ 03 grams of 
pernocton per kilogram body-weight. The i)revious injection of 
eukodal frequently reduces the amount of pernocton necessary for deep 
and prolonged anaesthesia. 

10 
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Fig. 22. — Porcinos 903, 904, 905 and 906, 16 days after operation. 



Fig. 23. — Porcine 904, 10 months after operation. 


290 







J. QUINLAN, G. DE KOCK, AND I. P. MARAIS. 




Fig. 25. — Canine 1073, 3^ inontlis after operation. 
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Fij?. 26. — Canines 1044, 1143, 8^ months after operation. 


ArTEU-l'llE ATMENT . 

After the operation the animals are i)la(‘e<l in boxes in which 
sterilised bedding is used. It appears to be a useful piecaution, 
especially for ecjuines in which the tenden(‘y to wound infection 
appears to be far greater than in the other s])ecies of animals operated 
upon. The precaution was not taken entirely with a view to obtaining 
healing of the wound jyrimavi intentioncin, but also to ensure 
against the possibility of tick infection, which would have rendered 
the experiments which were being conducted with tick-home diseases 
unsatisfactory. 

The food following operation consisted of a light laxative ration, 
composed chiefly of small quantities of crushed oats with bran and 
green lucerne for horses, and fnaize meal with bran and green lucerne 
for cattle, sheep, goats, and antelopes. Water was allowed ad 
lihiduin. 

Dogs and pigs were fed on milk and maize meal porridge, wu’th 
the addition of heef-extract in the case of dogs. 

The wounds were inspected daily and the dressings renewed. In 
the case of cattle, sheep, goats, pigs, and dogs there was no trouble 
with the wounds. They invariably healed per primam intentionem . 
The cutaneous sutures were removed on the seventh or eighth day 
following the operation. 

In the case of equities the wxnmds did not heal by first intention. 
Probably the difficulty did not lie in the wound itself but rather in the 
nature of the disease which occurred as a sequel to the removal of 
the spleen, where changes in the blood were sufficient to prevent 
healing. Even in those cases the incisions in the peritoneum and 
the internal oblique muscle had united, hut there w^as no adhesion 
between the incised lips of the external oblique muscle or the skin. 
These structures were healing under granulation when the animals 
died of the concurrent disease. In one horse which was free from 
NuttalUa equi infection, and “which recovered, the upper two-thirds 
of the wound healed by first intention but the skin over the lower 
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third suppurated. However, this portion of the wound healed nicely 
under granulation. The resulting cicatrix was scarcely visible when 
the animal died four months laier as a result of an intravenous injec- 
tion of haemolyti(‘ serum. 

SUMMARY OF THE RESULTS OF SPLENECTOMY. 

I)e Kock and Quinlan published the results of their first series of 
exjierinionis on spleneotomised horses, cattle, shee]), and goats in 1926. 
Since then observations have been continued and extended to other 
species of domesticated animals as well as to wild antelopes. The 
results of fhe later sjdenecionues have been published mostly as 
isolafed papers in various subse(juent lieporls of the director of 
Veterinary Services. (])e Kock and (juinlan, 1927; de Kock, 1929; 
du Toit, 19^11; Neitz and du Toit, 19^12.) 

Horses. 

Of the four lioises splenectomised three were immune carriers ’’ 
of Nvttallia rcjvi and all three showed fatal relapses of T^uttalliosis in 
from 8 to 8 days after ihe operaiion. The fourth animal was a young 
foal, not a carrier of Nuttalliosis. It was ke])t under tick-free con- 
ditions for four months following ihe o])eration when it was killed by 
injeclions of haemolytic serum. 


Caifle, 

hh’ve animals were observed by de Kock and Quinlan (1926 report) 
and their findings may be suminarisefl briefly as follows: — 

(1) Relajises of Theileriosis {Theilerio inut(ws), anaplasmosis, 
and pirojdasmosis {P, hifjemDntni) occurred in immune “ carriers ’’ 
of these [)arasites. Piroplasmosis l•ela])ses were iii ihese f'ases 
particularly severe 

(2) These diseases in spleneciomised animals assuim*d a chronic 
course ])articularly with regard io Ihe bl(H)d changes. 

A ioial of 2d bovines were splene<*tomised of which 20 recovered 
from the operation. (Jjie animal died three days afierwards, and on 
post mortem no a])f)areni (*ause of deaih could be establivshed; one 
died as a result of liaeniorrhage and one from surgical vshocdv. 

Some of the animals Avere used in East Coast fever transmission 
ex])eriments and two animals which had recovered from East Coast 
fever were splenectomised in order to Iry and br(*ak down their 
immuniiy (du Toit, 1931). liemoval of the sjdeeii w^as found to have 
no effect on the course of this disease or on the immuniiy. 

Tw^o bovines w^ere splenectomised for further study of the blood 
changes in anaplasmosis. One animal, No. 4627, infected with the 
mild A, rentralc strain, reacted so severely after splenetdomy that it 
died as the result of the extensive blood changes. 

Two calves, Nos. 4658 and 4676, susceptible to aiiajilasmosis and 
piroplasmosis, were injected with blood from sheep showing 
anaplasrrm avis and then splenectomised to see wdiether the anaplasma 
ovis would appear in the calves^ blood, or whether the calves could 
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become “ carriers ’’ of the disease. After the operation, however, 
both animals became accidentally infected with bovine piroplasmosis 
and anaplasmosis and sheep sub-inoculated from them showed no 
reaction. 


Sheep, 

Fifty-four sheep have been splenectoniised of which seven died as 
the direct result of the operation. In one of the latter, namely Tfo. 
8462, the attachments of the spleen were loosened and the splenic 
vessels ligated, but the organ itself left in siUi, 

The most striking result of de Kock and Quinlan’s observations 
on sheep was the discovery of the hitherto unsuspected presence of an 
anaplasma, A. ocis, and a Theileria, 7’. recoDdita (called Gonderia 
4)vis by them) juevsent in the blood of some South African sheep. 

Anaplmuiosis of Sheep. — The result of their observations can be 
briefly summarised as follows: — 

(1) Non-spleiiectomised sus<‘eptible sheep can be infected by 
means of blood inoculation. The disease then runs a mild 
course with distinct anaemic changes and the a]>])earance 
of parasites in the blood in large numbers, but no 
mortality. 

(2) In splenectomised carriers ’’ and splenectoniised sus- 
ceptible sheep the course is much more severe and 
protracted and there is a fairly high mortality. 

(8) The disease could not be transmitted to splenectomised or 
non-splenectomised bovines nor did these animals become 
(carriers of the parasites. 

(4) Non-splenectomised goats could not be infected but in 
splenectomised goats parasites appeared in the blood with 
very slight anaemic changes, and such animals became 
carriers of the disease. 

Sheep, splenectomised and non-splenectomised, did not react to 
bovine anaplasmosis nor did they become carriers of the parasites. 

Theilcriosis of Sheep. — De Kock and Quinlan (1927) reported on 
the occurrence of Theileria (7\ recondita^ Gonderia avis) in the blood 
of some splenectomised .sheep. Transmission to npn-splenectomised 
sheep and to bovines failed. The parasites did not produce any symp- 
toms and appeared to be quite harmless. 

Histological Changes. — De Kock (1929) reported on the appear- 
ance of haemo-lymphoid-like nodules in the liver of sheep, bovines 
and a goat killed three years after splenectomy. The nodules varied 
in size from J in. to 1^ in. in diameter, were dark red in colour, and 
circumscribed. In some instances a distinct capsule could be recog- 
nised, and in others there was no demarcation between this foreign 
tissue and the liver substance. Lymphoid nodules could be recognised 
in some of these structures. The haemo-lymphoid-like nodules were 
not seen in the animals which died or were killed within the first 
two years following splenectomy. The first indications being found 
in a sheep which died 33 months after the spleen was removed. From 
the microscopic appearances de Kock concludes that this newly formed 
tissue resembles most closely that of haemolymph glands. 
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Goats, 

Before splenectomy the two animals were injected with l)lood from 
sheep showing anaplasmu hut no reaction +‘o]loweci nor could 
anaplasma be demonstrated. Splenectomy failed to produce a relapse 
as in the case of immune carriers. Subsequent to the operation, how- 
ever, when reinjected the blood showed the presence of anaplasma 
with practically no anaemic (*hang(‘s. 

The histological changes which were found at autopsy on the one 
goal which died 8^ years later have been mentioned above. 

Canines. 

Seven dogs A\'ere successfully splenec toinised. One animal showed 
the })resence of microfilaria in the blood three days later and continued 
to show these parasites until it died from other causes. In no case 
did piroplasina. appear in ihe blood as the result of removal of the 
spleen. However, it was only asvsumed that the animals were carriers 
of Piroplasrna cam's avS they had been exj)Osed lick infestation, but 
there can be no certainty with regard to this. Subsequently three of 
th ese dogs were injected witli blood from a known carrier of the 
disease. One of them died from piroplasmosis and two recovered after 
treatment, but continued to show paiasites for several weeks after- 
wards. 

Owing to the uii(*ertainty with regard to the previous immnnitv 
it is not possible to draw definite conclusions on the effect of the 
removal of the sideen on canine piroplasmosis. The disease, however, 
appeared to affect the s 2 )lenectomise(l dogs moie severely than is 
ex])erience(l in clinical cases of the disease in normal dogs. One of 
the animals showed a severe haemoglobiiiuria. Miessner (1931) 
leports on a few cases of relapses of ])iroplasmosis following 
splenectomy in dogs, l^he experiment will be rej)eaied with known 
carriers of Pi ro plasma can is. 

Four dogs were injected with the virus of African horsesickness 
after splenec tomy but did noi show any reaction to the disease. 

Pore lues. 

Four pigs were sj)lenectomisod and all made uneventful lecoveiies. 
No parasites appeared in the blood following the operation. Attempts 
were made to infect the splenectoinised pigs with African horsesick- 
ncvss (two cases) and with ovine blue tongue (two cases) without 
success. 

Antelopes. 

Neitz and du Toit (193‘^) rejiorted on a method of obtaining jiiire 
strains of Ana 2 )losma mar (final v and ccntralr by transmission through 
antelopes. The antelopes were injected with blood from bovine 
carriers of Piroplnsiua higeminum, Tlieilcria mutans, and either 
Anaplasma marginal e or A. ccntrale. Jn each case only the ana- 
plasma appeared in the blood. These antelopes were then splenecto- 
mised in order to exclude the possibility of the other parasites from 
the donor’s blood being present in a latent form. In the cases of the 
two that survived the operation only the anaplasma reappeared in the 
blood after splenectomy. Three blcvsbuck {Damaliscus albifrons) and 
one grey duiker (Sylvicapra grimmi grimmi L.) were operated on. 
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9116 blesbuck died soon after the operation and the other two 
recovered. The duiker seemed to recover completely but interfered 
with the wound on the eighth day and died as a result. 

One of the blesbuck, No. 33606, was later injected with the virus 
of ovine blue tongue and although it showed no reaction it was found 
to be a carrier on .subinoculation of susceptible sheep. 

Spirochaeta th&ileri could also be transmitted to the blesbuck. 

Heartwater . — Finally the animal was injected with heartwater 
from a sheep and died 23 days later of this disease. Rickettsia could 
be demonstrated and susceptible sheep were infected from it. 
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Table 1 shows details of all the animals splenectomised and their 
subsequent history. 
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Animal Husbandry. 
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Studies in Native Animal Husbandry. 
(12) A Wankonde Milk Pail. 


By H. H. CUESON, F.E.C.A^S., Dr.Med.Vet., Veterinary 
Research Officer, Onderstepoort. 


As mentioned in a former j)aper (Curson, Thomas and Neitz, 1930), 
the Wankonde or Wanyatyusa inhabit the country immediately 
north of Lake Nyasa. They are skilled in cattle management, and 
Fig. 1 shows the tyj^e of milk iiail employed. 



STUDIES IN NATIVE ANIMAL HUSBANDRY. 


As will be observed, the vessel is quite unlike those shown in a 
previous study (Curson, Thomas and Neitz, 1933), being made of 
bamboo. Of particular interest are (a) the strengthening of the base 
with the skin taken from the limb of an ox, (6) the thin loop of 
hide by which the utensil is hung ui)side down when not in use, and 
(c) the common native pattern of triangles decorating the top half. 
The base of the pail h inserted into the skin sock or rather 
mitten usually taken from the forearm or lower thigh, when 
moist, so that when it dries it acts as a firm support. 

The larger milk pail is made from a calabash {tilvkekwa)^ both 
of which are kept far cleaner than by natives in the sub-continent, 
particularly the Damaras. 

Other Central African tribes, e.g. Wakinga, also use the bamboo 

pail. 


REFERENCES. 

CURSON, H. H.; THOMAS, A. D.; and NEITZ, W. 0. (1930). Notes on 
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Milking Pails. Argeologiese Navorsmg van die Nasionale Musennir^ 
Bloemfontein. February. 


308 



Onderstepoort Journal of Veterinary Science and Animal 
Industry, Volume 5, Number 1, July, 1935. 


Cross-bred Lambs under Eastern Transvaal 

Conditions. 


L. L. KOUX, 11. Sc., M.Sc. (Illinois), Animal Husbandry lleseareli 
Officer and 

C. T. VAJV ItEJNSJiUJtG, Sheep and Wool Officer, Ermelo. 


Intuodik tjon. 

The expeiJinenis reported here are part of a series of cross-breedinj>* 
experiments which have been carried out by the Department of Agri- 
culture at various institutions. The main objects in. tlmse experiments 
have been to determine the most suitable types of cross-bred lambs for 
various conditions and to investigate the requirements of management 
01 treatment necessary for rearing fat-lambs. 

The eastern districts of the Transvaal are suitable for Merino 
sheep farming. Schuurman et alia (1932) sounded a warning against 
the danger of the deterioration in the quality of tlie country's wool 
as a result of indiscriminate cross-breeding, but well organized cross- 
breeding enterprises were advocated whoie conditions permit, such as 
in high rainfall areas in which nere included the maize growing 
districts of the eastern Transvaal. 

In the eastern Transvaal, the most influential factors in any type 
of sheep farming are teed and parasites. Merino farmers in these 
districts regulate most of their lambing to take place in the autumn, 
April and May. This practice is favoured largely because of the set 
back spring-born lambs experience due to internal paiasites. If the 
same practice is applied to cross-breeding, the lambs have to be 
finished off during winter months when feed is scarce. On the other 
hand, cross-bred lambs born during the spring, September and 
October, have an abundance of natural pasture available during the 
stage of growth when the highest rates of gain are made, so that, 
when such lambs have attained a desirable weight at four or five 
months of age, they should receive special attention from all markets 
demanding genuine lamb during January, Februaiy and March. 
Lochner and Beyleveld (1932), in discussing the English mutton and 
lamb markets, point out that various grades of lamb demand two to 
three pence per pound moi-e than do the corresponding grades of 
mutton. They also state that the best time for marketing lamb in 
England is during the English winter months, prices for genuine 
lamb being at the peak during March and April, 

309 



CKOSS-BBED LAMBS UNDER EASTERN TRANSVAAL CONDITIONS. 

At present, in this country, the relative scarcity of the mutton 
breeds restricts the choice of breed of ram for cross-breeding pur- 
poses. However, it appears logical that, as the demand for 
particular breeds of rams develops, it will become economically 
possible for breeders in various parts of the country to cater to the 
particular demands of their districts. 

Results have been recorded upon the use of Suffolk rams for cross- 
breeding purposes, but most of these experiments involve the use of 
Blackhead Persian and unimproved types of ewes. However, Mare 
(1934) reportefl results with Suffolk and Rowney Marsh rams mated 
to Merino ewes under Karroo conditions. Rose (1932) in considering 
a general policy, is of the opinion that while practically all the 
Biitish breeds are suitable for mating to Merino ewes for mutton 
crosses, it would be well to (confine choice to the white-fa(*ed, white- 
woolled breeds in order to maintain colour purity of fleece. Bartel 
and Johnstone (1934) studied the rearing of fat-lambs under Western 
Province condiiioiis for which puipose they mated Merino ewes io 
the following breeds of rams: Dorset Horn, Texel, Border Leicester, 
Grerman Merino, and (^orriedale. Colebatch and Scott (1928) have 
studied in great detail the suitability of many types of lambs under 
South Auvstralian conditions and their detailed comparisons are 
considered excellent guides. They conciuded that half-bred long- 
wool-Merino ewes are best as mother stock and that, considering both 
lambs and wool, the most profitable returns can be obtained from 
Southdown x Border Leicester-Merino and Dorset Horn x Border 
Leicester-Merino crosses. When Merino ewes were the mother sto(*k, 
the investigators found that the use of Border Tjeicester, Knglish 
Leicester, and Lincoln rams xmoved most remunerative, and bhat tlie 
use of these rams on Merino ewes was infinitely jnore remunerative 
than the mse of the shorb and medium woolled British breeds of rams 
on Merino ewes. 


Objects of the Experiment. 

In view of the success of Border Leicester and vSouthdewn rams 
for cross-l)reeding purposes in other countries, it was decided to include 
thevSe breeds in the Department’s scheme of cross-breeding experi- 
ments. While the use of Ryeland rams has not reetdved much atten- 
tion in the past, it is a breed of good mutton qualities; also, the hre<ul 
is devoid of colour. It is very jirobahle that (his latter breed when 
bred to Merino ewes or to long-wool-Meiino half-breds, will give 
satisfactory results. 

The following are the main features of the experiments conducted 
at the Veterinary Research Station, Ermelo : — 

1. A comparison of the following types of cross-bred lambs: — 

(a) Border Leicester-Merino. 

{()) Ryeland-Merino. 

(c) Southdown-Merino. 

(d) Merino (flock). 

2. The possibility of rearing suitable fat-lambs from spring-born 
iambs when no supplementary feeding is practised. 
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Plan ok the Experiment. 

Two rams of oacL of the British breeds, Border J^eicester, 
ityeland, iiiid SouIIhIowti, were imported from Engiand, and they 
were at iJus J']x])eriment Btatioji for three months before mating 
commenced. The Meiino ram used was obtained from the (iroolfon- 
tein School of Agriculture, Middelburg, Cai)e. All rams ^^ere about 
two years old vvlien mated. 

The intention was to mate fifty Merino ew^es to each ram; there- 
tore, a total of -joO ewes, vailing in age from two years to aged, \\as 
ilrafted into the experiment. Due to the shortage of ewes, many of 
those used were too old for the i)uri)ose. 1'he unsuitability of old ewes 
IS discussed in this report. 

In oj’dei* to ensuie siUMessful lamb crops, the system of “ liand ” 
or controlled serving was practised. It will be seen from the results 
that a great deal of information was obtained by adopting this system 
of mating. The ewes were brouglit to tlie yards at b a.m. daily during 
the mating season of six weeks, for daily tesiing for oestrus whi(*h 
was done l)y means of vasectomised teasers. Ewes showing oestrus 
nere ke]>t for service during the day. The selecdion of ewes for the 
various rams was at random, no atlention being paid to size and age. 
Each ewe was given one service. All ewes were tested daily for \ 
i(jcurrence of oestrus throughout the mating seasoii and for a further 
twenty days suhse(|uent. to the termination of the mating season. 
During the mating season, ewes showing a recurren(*e of oestrus were, 
whenever jiossihlo, mated to their original unns. 

The rams were kept in good vigorous condition; their monthly 
weights served as a guide of their condition. 

The ewes were given wdiat was considered good farm management. 
They were ])ut on green oat grazing during tlie winter months and 
an attempt wais made to im])rove the grazing as lambing time 
approached. Unfortunately, due to adverse weather (‘onditioiis, the 
available green grazing wti< not sulficient to maintain the ewes in 
high condition, with the result that the old ewes showed considorahle 
decline in condition and they proved detrimental in the interests of 
the experiment. 

The ewes w^ere dosed regularly at tw^enty-one day intervals wuth 
(fovernment Wireworm Remedy until six w^eeks before lamliing wtks 
to commence. 

A lick <*onsisting of two parts of bone meal and one part of salt 
was supplied to the flock at the rate of about five ounces per sheep 
per week. 

The flock was well attended during the lambing season. Newdy 
born lambs w’ere identified by tlie ear tags and special body markings 
on the ewes; the latter marks were given at the time of mating. All 
lambs born were ear-tagged and w^eighed; this wmrk was done daily. 

Due to the shortage of green oat grazing, the ew'es were lambed 
down on a “ burn ’’ which improved as lambing progressed. At the 
termination of lambing the grazing was good. 
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The lambs were castrated and docked in several batches when 
they were two to three weeks old. 

The entire flock of ewes and lambs was run together. The lambs 
had access to the lick supplied to the ewes ; the amount issued was 
increased when deemed necessary. 

The dosing of the flock was resumed as soon as possible after the 
lambing season, when ewes and lambs w^ere dosed with Government 
VVireworiu Remedy at twenty-one day intervals. 

The lambs were weighed at twenty-one day intervals ; the weigh- 
ing periods oorresponded with dosing periods. At the commencement, 
the young lambs were starved for four hours before being weighed; 
the starvation period was subsequently extended to twelve hours. 

Due to the danger of loss through Blue Tongue, all ewes and 
lambs were inoculated when the lambs were approximately ten weeks 
old. It proved to be an exceptionally bad blue tongue season ; how- 
ever, no lambs were lost through this disease. 

All sheep on the Experiment Station were dipj)ed for keds in an 
arsenical dip; the ewes and lambs were dipped wlmn the latter were 
approximately three months old. 


Results. 


Table 1 contains the results of controlled serving. 

It is seen from Table I that abnormally large percentages of 
ewes were not impregnated at the first service. 


These percentages were as follgws : — 

Ewes mated to Border Leicester rams 32*1 % 

Ewes mated to Ryeland rams 37*9 % 

Ewes mated to Southdown rams 70*6% 

Ewes mated to Merino ram 12*0% 


In the case of the Southdown rams the recurrences of oestrus 
after service are seen to have been very exceptional. In order to 
prevent overtaxing the Southdown rams, many of their ewes were not 
given a second service upon the recurrence of oestrus. However, if a 
second service had been given to all such ewes, the above percentage 
of 70*6 would have been larger. The two Southdown rams gave a 
total of 184 services and, as is seen in Table I, only three ewes were 
impregnated. 


It is of interest to note that all the rams showed a marked 
keenness to mate and that the Southdown rams were particularly 
active in this respect. Ryeland ram No. 30448 developed an abscess 
on the ear and became reluctant to serve. The ram was withdrawn 
for a period, consequently the number of ewes served by this ram is 
small. 
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In work on tlie fundamentals of fertility in Merino sheep 
Quinlan, Mare, and lloux (1932) found that when ewes were served 
at various periods from the onset of oestrus up k) thirty hours after the 
onset of oestrus, the fertility established ranged between 70 and 100 
j)er cent. The authors also indi(*.ated what differences in fertilizing 
power might exist in mating clinically normal rams to clinically 
normal ewes. Even when the controlled service method of mating 
was employed with thirteen rams, it was found that the largest 
number of ewes fertilized at the first service was 84*6 per cent. 
In view of these findings, it must be considered that in the case of the 
matings with the Merino ram in this experiment, the 12 per cent, 
of unfertilized cases after ihe first service is not exceptional. 

When it became obvious that an abnormally large numlier of ewes 
was returning for service, all the rams used in the ex])eriment Avere 
sperm tested. However, wdien tliese tests w'ere made, the Border 
Leicester, llyeland, and Merino rams showed abundant and a(‘-tive 
normal spermatozoa in the micro8(‘opic examination of their semen. 
The breeding results confirmed the finding of the sperin tests, in that 
the percentages of pregnancies subsequently established by the above 
three breeds of rams were satisfactory. Apparently the Border 
Leicester and llyeland rams w^ere in a condition of temporary infer- 
tility at the commencejnent of the mating period and these rams 
developed a higher degree of fertility after a few^ weeks of serving. 
A similar experience of infeitility w’ith a Border Leicester ram was 
jeported by Bartel and Johnston (1034), although in this case spenn 
tests w^ere not carried out and the subsequent state of fertility of tlie 
ram was not reported. 

The sperm tests of the two Southdowm rams revealed that they 
were sterile <lue to scarcity of spermatozoa and tliere w^as also a dis- 
integrated condition of the majority of the spermatozoa present. 
Throughout and subsequent to the mating period, these tw^o rams w^ere 
sperm tested and these tests revealed that no change in their condition 
of sterility had taken place. 

A maximum laml)ing percentage is an imi)ortant factor in an 
enterprise such as fat-lainh production, as high fertility in rains 
(•contributes a great deal towards the net return per hundred ewes. 
The unknow^i presence of a sterile ram reduces ihe proportion of rams 
to ew'es; how'ever, as ewes may show’ oestrus and may be served tw ice 
or thrice during the usual mating period of six wrecks, the lambing 
rcvsult-s, considered from the point of view- of the rams only, w ill 
depend upon the percentage of rams used and the activity and fertility 
of the remaining rams. Rams, and especially young rams, which 
have been imported from foreign countries or even from districts of 
marked physiographical differences may require acclimatization, or 
they may acquire normal fertility only after their sexual energies 
have been drawn upon for several days. If this irregularity is 
vsuspeeted, it would appear to be best to commence mating seven to 
fourteen days earlier than is the usual custom and to extend tlm 
mating period to eight weeks. Should there be a material difference 
between the earlier and the later born lambs, due to a low percentage 
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of fertility during the earlier pari of mating or because of the pro- 
longed period of mating, lambs could be disposed of in two or three 
even batches, as there is a considerable remunerative advantage in 
marketing pens or groii])s, the lambs of which are even in size and 
condition. 

The fertility of rams can be assuied only by trial breeding oi* by 
sperm tests. 

The num[)er of ewes which showed n, recuri’ence of oestrus w^hen 
maiing w’as discontinued, is given in Table I. Tn s})ite of the fact 
that a number of ewes did not show oestrus, they eventually proved 
to be non-pregnant; this o(*('urred in 24-11 per cent, of the ewes 
mated. The cause of such abnormal inactivity is not definitely knowm, 
but it may have been influenced great! v l)y tlie largo number of aged 
ewes used in the ex])erinient. It has been observed that Merino sheep 
at this Station show normal sexual activity during March, April, and 
May. 

'rhe lambing data are given in Table FT. 


Table II. 
lAitnhing UemlU. 


Bre^l of ram. 

Nnmicr 

ot 

Lambs boni. 

1 

Deatbs : birth to 

I weaninjf. 

Lambs weaned. 

. ewos 

maO'd. 

1 

Nnml)er. 

Perc*eiilai;e 

1 

1 Lambs. 

1 

Ewes. 

Number, 

Percentage. 

1 

Horiler Lcicestor. 

109 

76 

69 90 

7 

4 

69 

63-30 

Ityeland 

95 

56 

58 94 

3 

3 

53 

55-79 

Sowthdown 

92 

3 

3 27 


0 

3 

3-27 

Merino 

50 

31 ! 

62 00 

3 

4 

28 

56 00 


The low’ lambing percentages refiected in the above table have 
been explained in the proceeding paragraphs. 

Tie deaths of lambs were due largely to the inability of old ew^es 
to mother the lambs, while the majority of losses among the mature 
sheep were old broken-mouthed ew^es. 

Because of the small number of Routhdowm cioss-bred lambs, 
these lambs are being disregarded in subsecpient discussions. 

It is of interest to demonstrate the effect of w-eight of sire and dam 
upon the progeny; Table III has been constructed for this purpose. 
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Table III. 

Weight of Sire and Dam in Delation to Weight of Lavib. 





Range 


Average 

Number 

Number 

Average 

Average 


Weight 


of 


weight 

of 

of 

birth 

weight of 


of ram. 


ewe 


of 

ewes 

Iambs 

weight 

lambs at 




weights. 


ewes. 

mated. 

bom. 

of lambs. 

3i months. 




lb. 


lb. 



tb. 

lb. 

Border Leicester. 

J68 




72 0 

5 

6 

8 0 

40 4 

Border Leicester. 

206 




69-2 

6 

6 

8-7 

461 

Rvelarid 

124 i 

1 


► 68-75-( 


69 2 

11 

11 

7-7 

40-7 

Ryeland 

127 1 

1 




— 

— 

-- 

— 


Merino 

118 

j 



69 9 

10 

10 

8 1 

42 8 

Border Leicester. 

168 




72 0 

11 

11 

7 8 

44 8 

Border Leicester. 

206 




79 8 

9 

9 

91 

49 2 

Rveland i 

124 


K 76-86. 


80 2 

12 

12 

8 4 

47 2 

1 

Ryeland 

127 




81*8 

3 

3 

8 3 

40 6 

Merino 

118 




7» 9 

6 

6 

7 8 

46-1 

Border J^eicjester. 

168 



r 

a 

10 

10 

8-7 

51 0 

Border Ixucester. 

206 




^ 94 9 

11 

11 

9 6 

56 8 

Ryeland 

124 


I-Se-KK)- 


93 8, 

12 

12 

8 9 

47 1 

Ryeland 

127 




91 7 

3 

3 

9 5 

50-6 

Merino 

118 

J 


- 

93 4 

5 

5 

7 9 

47*9 


The weights of the ‘nuns and ewes were taken a1 the time of 
inatiiig when they were in good condition. The analysis indicates that 
in the case of tlie llritish breeds of rams, heavy rams tend to produce 
heavy lambs and that the ewes exert a similar influence. In addition, 
it is revealed that the heavy lambs at birth retain the advantage of 
weight at ihree-and-a-half months of age. However, in the Merino 
breed these relationships were not as striking. There appears to be 
every justification to maintain that large roomy Merino ewes are 
most suitable for cross-breeding and that small stunted Merino ewes 
are undesirable. 

The average weights of the three types of lambs are given in 
liable IV at three weekly periods and up to the age of twenty weeks, 
while the average daily gains, are presented in Table V. 
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Table IV. 

Areraae Weights of Lambs. 


Type of lamb. 

1 

Birth 

weight. 

6 weeks, 
15/11/33. 

9 weeks, 
6/1 2 /.33. 

12 w(5Pks, 
28/12/33. 

15 weeks, 
18/1/34. 

18 weeks, 
8/2/34. 

20 weeks, 
17/2^34. 

Border Leicester- 
Merino 

lb. 

8 5 (70) 

lb. 

32 3 (70) 

lb. 

38 0 (69) 

lb. 

44 4 (68) 

lb. 

51 6(69) 

lb. 

51 1 (68) 

1 !>. 

51-3 (67) 

liyeland -Merino. 

8 6 (5fl) 

30 1 (50) 

33 2 (56) 

42 0 (55) 

45 6 (54) 

44 6 (53) 

45 -2 (46) 

Merino (flock). . . 

7 8 (31) 

25 0 (31) 

32 1 (30) 

40 0 (30) 

14 3 (30) 

41 6 (29) 

38 0 (26) 

NfiTE.- — Tn the above table the niimlwr of lamlis bivolved in the averages h given in 

I'AJtLK V. 

brackets. 



Average Daily Gain. 




1 

Tyix? of lamb. 

Birth to 

fl-0 ' 

9-12 

12-15 

15-18 

18-20 

Birtli to 

6 week.M. 

weeks. 

weeks. 

weeks. 

weeks. 

weeks. 

i 

20 wet‘ks. 

1 

Border lieicester- 

lb. 

lb. 

lb. 

Ib. 

lb. 

It). 

lb. 

Merino 

0 57 

0 27 

0 30 

0 34 

-0 02 

0 01 

0 28 

H yel in d -Merino. 

0 51 

0 14 

0 41 

0 17 

-0 04 

0 04 

0 24 

Merino (flock)... 

1 

0 41 

34 

0 38 

0 20 

-0 12 

-0 25 

0 20 


It is seen trorn the above i\Ao tallies tliat the j>r()\Nth of the lambs 
of all types was erratic and unsatisfactory. it was explained 
previously that inoculation and dipping weie necessary. The lambs 
were inoculated on (itli December, IDdif, and they were dL])ped on 12th 
January, 19d4, and 2nd February, 1934. It is not considered that 
these operations had a serious adverse effect upon the growth of the 
lambs. However, a factor which must have inhibite<l growth seriously 
was worm infestation. The lambs were found to be heavily infested 
with tape worms during the latter part of December and, as the season 
was a wet one, considerable diflSculty was experienced in keei)ing the 
lambs free of worms. In spite of an abundance of pasture during 
January and February, the lambs made no progress. 

Measures for overcoming adverse influential factois and for 
stimulating the growth rate will be made under the heading 
“ Summary and Conclusions 

The data presented in Table IV and V clearly indicate that the 
Border Leicester-Merino lambs made the most satisfactory gains and 
that the Ryeland-Merino lambs made considerably better gains in 
weight than did the Merino flock lambs. 

The results of transporting, slaughtering, and marketing the 
wether lambs are reflected in Table VI. 
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♦ Note. — 1. Only wether lambs were sent for the slaughter tests ; the ewe lambs were retained for further work. 
2. The abattoir weights were taken 48 hours after dispateh. 
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While the majority of the lambs had not attained a desirable 
market weight at twenty weeks, it was the object to obtain marketing 
and slaughtering results of such lambs olf pasture and without supple- 
menting feeding. All lambs above a minimum weight of 40 pounds 
were despatched. 

By consulting Table VI, it is seen that the Border Leicester- 
Merino lambs showed a decided advantage with respect to the 
percentage ot lambs fit for despatch, and while their percentage loss 
ill transit was highest, this type was superior in carcass grades. In 
this latter resx>ect, the Merino flock lambs were particularly poor. 

I’lie dressing percentages of both cross-bred types were poor for 
lambs of their breeding, but this undoubtedly was due to lack of 
“ condition 

The lamb carcasses were sold on the oj)en market and places from 
5^d. to bjd. per pound were realised. Due to the method of selling, 
the prices indicated in the above table are not good indications ot 
condition and quality. 

Blemishes which were sufficient io discxualify carcasses for exiiori 
puiposes were found on many of the carcasses. The awns of 
Tracliypo(]an poJyniorphus had penelraied the skin and become lodged 
in the subcutaneous tissues, resulting in large bruise-like patches and 
in many instances abscesses. 

The carcasses were graded after they were allowed to set ”, after 
which each carcass was examined w'ith respect to conformation, finish, 
and shape ot hindquarters, a definite scale of points being used for 
the classification. The results of such examinations are reflected in 
d able YII. 


Table VTI. 


m i natio n of Carcasses . 
Freqa cartes of Scale of Points, 


Type of lamb. 


(Confirmation. 




Finiwli. 



Shape of hindquarters. 

2 

3 

4 

5 

fl 

7 

8 

3 

4 

5 

G 

7 

8 

3 

4 

5 

i 

G 

7 

8 

Border I.ioicestor-Merino. 

0 

3 

fl 

8 

11 

6 

2 

5 

5 

7 

12 

4 

3 

2 

a 

S 

13 

2 

2 

Ilyeland-Merino 

\ 

2 

(5 

r> 

2 

3 

0 

4 

7 

3 

3 

2 

0 

;i 

4 

8 

1 

3 

0 

Merino (flock) 

0 


3 

1 

1 

0 

0 

5 ; 

1 

1 : 

i 

3 

0 

1 

1 

0 

4 

r» 

0 j 

1 

0 

0 


The mean values of the three features for which the carcasses 
were examined are given in Table VIII. 
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Table VIII. 

Mean Values of Carcasses, 


Typo of lamb. 

Conformation. 

Finish. 

Shape of 
hindquarters. 

Border Leicester-Merino 

6-47 

5-368 

6-276 

Ryeland-Morino 

4 74 

4-679 

4 842 

Merino (flock) 

3-80 

4 100 

3-800 


The significance of the dihierences of the above mean values Lave 
been obtained by further statistical analysis, and the results may be 
summarised as follows : — 


1. Conformation. 

(а) Differences between B. Leicester crosses and Jtyeland 
crosses were not quite significanl. 

(б) Differences between B. Leicester crosses and Merinos were 
highly significant. 

(c) Differences between Ilyeland crosses and Merinos were 

significant. 

2. Finish. 

(а) Differences between B. Leicester crosses and Ilyeland crosses 
were significant. 

{b) Differences between B. Leicester crosses and Merinos were 
highly significant. • 

(c) Differences between Ryeland crosses and Merinos were 

insignificant. 

3. Shape of Hindquarters, 

{a) Differences between B. Leicester crosses and Eyeland crosses 
were insignificant. 

(б) Differences between B. Leicester crosses and Merinos were 
highly significant. 

(c) Differences between Ryeland crosses • and Merinos were 

significant. 

In the above summary, the term signficant means that the 
probability that the difference could be due to chance (random 

sampling) is less than five per cent., while “ highly significant 
indicates that the probability is less than one per cent. 

Summary and Conclusions. 

1. Controlled serving revealed irregularities with regard to 
fertility in rams and ewes. 

The fertility of a ram can be assured only by breeding trials or 
by sperm tests. 
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Old Merino ewes are unsatisfactory and uneconomical for cross- 
breeding purposes. Large framed, roomy ewes give best results. 

While controlled or “ hand ’’ serving is advocated in order to 
obtain maxiinuin results, it is considered that free mating in small 
camps may be practised with advantage when facilities permit. The 
latter system of mating has been employed during the 1934 mating 
season in the continuation of these experiments. 

2. The hunbs of all types did not attain a desirable weight at 
twenty weeks of age. 

Tlie Border Leicester-Merino wether lambs weighed 57 G lb. at 
twenty Aveeks of age and 9() per cent, were fit for despatch; they 
dressed 47 -5 per cent, and 11*1 per cent, of the (^arcasses were graded 
as “ good 47*2 per cent. “ medium ’’ and 41*7 per cent. 
“ common 

The llyeland-Merino Avether lambs weighed 50*4 IV). at twenty 
Aveeks of age and SG per <‘ent. Avere fit tor despatch; they dressed 
4()*7 per (;ent. and none of the carcasses were graded as “ good ”, 
3()*8 per (.ent. were “ medium ”, and 03*2 per (‘ent. common ”. 

The Merino fiock a\ ether lambs weighed 3(S () lb, at tAventy weeks 
of age and (S3 per cent. Avere fit for despai(*h; they dressed 40*1 per 
cent, and none of the carcasses were graded as ” go-od ”, AAdiile 10 per 
cent. AA^ere “ medium ” and 90 per cent. “ <‘ommon ”. 

There Avas no significant difference l)etween the conformation and 
tlie shape of hind quarters of the Border Leicester and tlie Ttyeland 
crosses, but tVie former crosses Avere significantly better in finish. 

Tlie Border Leicester ciosscs were infinitely superior to the Merino 
fiock lambs with respect to conformation, shape of liindquariers, and 
finish. 

There Avas no significant difference between the finish of the 
Ttyeland crosses and the Merino flock lambs, although the former were 
superior in conformation and shape of hind quarters. 

3. Drastic control measures against internal parasites, especially 
wireAAwms and tapeworms, are essential if September lamliing is to be 
a success under eastern Transvaal conditions. 

The use of copper sulphate and tobacco extract as advocated by 
Monnig (1932) is recommended. This treatment wiW be given a 
thorough test during the next season. 

4. Due to the poor finish of lambs reared on grass, it ap])ears that 
a supplementary feeding period Avill be Avarranted. Results indicate 
that supplementary feeding may be commeficed when the lambs are 
tAA'elve weeks old. Systems of supplementary feeding will he 
conducted with the 1934 lamb crop. 

5. The experiment reported must be (*onsidered as the preliminary 
Avork of experiments Avhich will be extended over a number of years. 

The experiments during the next year will include the use of 
Oorridale rams. 


11 
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When the half-bred ewes, which have been retained, are fit for 
breeding, they will be included in the further work at this Station. 

The authors wish to acknowledge the assistance of Dr. J. G. 
Bekker and Mr. (i. N. Murray, Research Officers, Onderstepoort, who 
undertook the grading and measuring of the carcasses at the Pretoria 
Abattoir. Appreciation is also expressed to Mr. A. P. Malan, 
Statistician, Onderstepoort, for the analysis of the slaughtering 
results. 
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The Seasonal Influence on Merino Wool 
Production. 


By V. BOSMAN, M.Sc., Sheejj and Wool Keseareli Officer, 
Grootfoiilein School oi‘ A«Ticultiire, Middelbnrj?, Cape. 


The fleece of the Merino sheei>. unlike that of many other domestic 
mammals h\ which winter and summer changes take place, j^rows 
continuously from month to month and from year to year. 

In the horse, (^ow, and donkey, seasonal variations occur (l)uerden 
and Whitnall, 1981). Amoii«* the ovidae, seasonal shedding takes 
])lace in Ons anunon poU (Crew, 1921), the Blackhead Persian (Boyd, 
1927), the Auodad and Mouflon sheep (l)uerden and Seale, 1927), 
the Welsh Motintain shee]> (Roberts, 1920), and the British mountain 
breeds (I)uerden, 1927, 1929), all these being representative of the 
more ])rimitive tyj)e of coat. 

The Merino shee]), however, with its sj)ecialized fleette, has lost 
the ]iower of seasonal vshedding and, unlike its ancestors, has con- 
tinuously growing follicles. Even though no shedding takes place, it 
is of interest to know whether its fleece is influenced by seasonal 
changes, and an analysis is outlined of the winter and summer groNvths 
of three Merino wethers that were maintained at the Urootfontein 
School of Agriculture, Middelburg, Cape, where extreme winter and 
summer (dimat ic variations occur. Since a change in nutrition has a 
marked influence on Merino wool growth (Mare and Bosnian, 1984), 
the exjieri mental sheep were stall-fed. 

MATmuAi, ANJ) Mkthojis. 

The material for study was obtained from three forty-months- 
old Merino wethers which from birth were stall-fed on a balanced 
ration and were never shorn. The changes in winter and summer 
pasturage were thus eliminated, and it was ])ossible to study the 
same stajile of wool for consecutive seasons for three years, and also 
to (‘ompare the yearlv growth for the first three years of the sheep's 
life. 


The staples from the shee]) were apjiroximately twenty-five centi- 
meters or ten inches in staple length. The first seven months’ growth 
of the staple was not taken into account, since this portion, repre- 
senting the coat of the lamb, is not comjiarable with the fleece grown 
by the adult merino (Botha, 1980). The remainder of each stajde 
was divided into cuttings corresjmndi ng to the winter and summer 
growths. The guide for identifying the regions was obtained from 
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clippings taken at monthly intervals and used subsequently in a 
study of the monthly rate of growth. It was thus possible to identify 
accurately the seasonal and yearly growths in the same staple and 
to determine any changes in the regions. 

The cuttings of the winter and summer growths that were in the 
greasy state were scoured by the benzene-saponin method (Miller 
and Bryant, 1932), and dried to constant weight in regain bottles 
(Barrit and King, 1926). The dry weights are summarized in Table 1. 
An estimate of the number of fibres in each cutting was made and 
the fibre fineness calculated. The method is similar to that used by 
Roberts (1927) for estimating fibre fineness, and takes into account 
the mean cross-sectional area of the fibres. 

The Seasonal Changes in ihe Karroo. 

In the Karroo there are varying factors that influence climate, 
such as temperature, humidity, sunshine, wind, etc. Meteorological 
observations for temperature, rainfall, sunshine, and wind at the 
Grootfontein School of Agriculture were available, and each of these 
shows seasonal variations as summarized in Table 1. 

Table 1. — Th^ Wool Analyses of Wmier and* Summer Growth of 
Three) Merino Sheep that were Never Shorn and the Seasonal 
Meteorological Records at the Grootfontein School of AgricvU 
ture, Middelhnrg, Cape. 



Winter, 

1931. 

Summer, 

1931/32. 

Winter, 

1932. 

1 Summer, 
1932/33. 

Winter, 

1933. 

Summer. 

1933/34. 

8heep No. 1, 

Dry weight (gms.) 

Fibre fineness (^) 

■4260 

20-8 

•4288 
20-9 • 

•4291 

20-9 

•4253 

20-7 

•4286 

20-9 

I 

•4266 

20-8 

Sheep No. 2. 







Dry weight (gms.) 

•3978 

•3959 

•3988 

•3976 

•3984 

•3960 

Fibre fineness (p) 

18*7 

18-6 

18-7 

18-7 

18-7 

18-6 

Sheep No. 3. 







Dry weight (gms.) 

•4455 

•4480 

•4472 

•4450 

•4463 

•4485 

Fibre fineness (p) 

181 

18-2 

181 

181 

181 

18-2 

Meteorological MecoTde at 







Grootfontein (Averages). 







Maximum (degrees F. ) . . . . 

62*7 

83-7 

64*7 

84-9 

630 

77-9 

Minimum (degrees F.). . . . 

33-5 

63* 1 

36-5 

51*6 

31-3 

63-3 

Sunshine, hoiirs 

8-0 

11-2 

85 

IM 

8*2 

9*2 

Kainfall (inches) 

3-21 

6-60 

108 

332 

•82 

12*6 

Wind (mfies ger hour). . . . 

3-5 

3-6 

4-2 

3-5 

50 

2-9 


As regards temperature, an extreme variation, typical of the 
Karroo, is shown. The four winter months, of May, June, July, and 
August were regarded as the coldest period against the four summer 
months of November, December, January, and February, which con- 
stitute the hottest period of the year. Although the average maximum 

324 



V. IIOSMAN. 


:an(l iiiinimum teiu|)ei*atiues i\\ tlie iable vary fioin ¥. to 

<S4'9® F., lar^'pr individual variations were recorded and ilie inaxi- 
imiin ofien reached JiO® F. in the shade and llie niininiuni tein])pratiire 
as lo\N as 150 F. (»r 17 decrees of f rosl . 

As regards sunshine, the meteorological ohscuvations show a 
seasonal variation of from 80 io Jl*2 in sunshine liours. This tigure, 
however, does nol indicate the intensity of the sunlight, hut records 
concernijig the latter weie not availahh*. 

Observations on laintall tor the ^ame four-juont iily ])eT’iods shou 
a varialion of from 1 OS inclie.s to 12-5 inches. Itainfall ijOuences 
the nutiilional value of the |)asturage, hut in tliis case the sheej) 
ntue stall-ted, and tin* laintall therefore does not have the same 
influence on wool giowtfi as wdien the animals are run on the veld. 

As 7(‘gai‘ds wind force, the wintei* inontlis of lJh‘12 and 1082) show' 
a higher rate ])er hour than tin* summer inontljs of these years. 
Althougli the average of llie wind force is not higher than fivt* mil(*s 
|)ei‘ hour, tw’(*nly miles j)ei‘ Inmr was frecjiiently ie<‘ordt*d. 

Tlie \ariations in the seasonal factors are sliow n to he a])j)r(*- 
ciahle, and wliether these factors have an intlu(*nce on Merino w'ool 
j)foduction has ])een a cont roveisial topic* among wool farnnus. 

K.WI IUMKN'I \L HkSI LIS. 

88ie wool ^analyses of the experiment arc* summarized in Table* 1. 
As j(*garcls the dr\ weights of the w'ool c-uttings, there is no signili- 
c'aiit ditf(*renc*e hetw'eeii the consec*utive seasons oi* he*! ween tin* c*on- 
sec‘utive ,\ears, tin* ditferenc-e shown being well w'ithin e\j)e]*imental 
error. As rt*gards fibre* fineness no difference is shown between the 
wn’nter and sumniei' grcnvths, nor betwe<*n the >ea]l\ growihs. It 
jnust th(»Jefore be c-onc*luclecl that iJir .n'c//.vc>//.s' Jmrr no /njiifmoc on 
u'ool (jncnc.^s m ilic Kn/nnf, jnorKlnl the feed is kc/d constant. Tliere 
IS also no clifferenc*e iji fibre fineness froju year to \ear for the first 
three \cais under similai* c*onclitions oi feed. (The lamb’s c‘oat repre- 
senting the first seven months of giowth being d isieyarded . ) 

(^OxNf’Ll SKLN’. 

1’he Merino shee|) doe- not show seasonal c‘hanges in wool fineness 
in a var\ing Karroo c*Iimatc* provided tin* feed is kept c,onstaiit. 

As regards length, sevtnal woikers have shown that tin* rate of 
giowih is c*onstant from month to month (Burns, l!l8l ; Fraser, 1981) 
and from year to year (l)uerden and Mare, 1981) it the feed is ke])t 
constant. It follow's, tln*refore, that in the Karroo at least there is no 
seasonal influence on the dimensional attributes of finciuess and length 
w'hich affect the volume of woed ]>roduc*ed by Merino sheej), ])rovicled 
the nutrition is not changed. 


A ( ’ KNOW LK(i M KNTS . 

The author is grateful to Mr. (t. S. Mart\ Sheep and Wool 
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The Enzymic Activity of Egg-White. 

Its Bearing on the Problem of Watery- Whites 

U.v 

K. TAN MANKN, H.Sc. Aj?nc. (S.A.), M.Sc. AR-ric. {('oniell), 
J^)uli^y l{('senr(‘]i Oftiuer, ()iulersiej) 0 ()r 1 , and 

(’LAUDK IMMINOTON, M.A., PIkJ)., U.Sr., Hoseanh 

Fellow under llie F injure Market inf>‘ Jioaid. 


Omk of the liyi)oiheses advanced as ai^ e\])lanati()n ol “AsateiT- 
whileness " in e^‘^>i is thal there is present in the alhinnen of siudi 

enzymes of ]>rot(‘olyti(' nature, hy llie action of which the jiiojein 
l)ecoin(‘s disinteoi ated, thereliy de(‘reasin<»‘ in viscosity. 

Fx})evinients designed to test tliis hyjiothesis were (Muninenced as 
far back as the sjirin^* of ])ut the n'snlts tlum obtained were 

considered iiisuificient to substantiate llie vicwv, and tlie exjieriinmits 
were discontinued. 

A j)ndf)li(*alion ajijieaieil i*ecentl\ howevoi' by A. K. Palis and 
T. li. Swenson of the Bureau of ('lieinistry and Soils, Wa.'.hin^toii 
l).C. (J9d4), in whic'h the claim was made tliat a jn ol(‘olyt ic enzyme 
IS present in ef>’^'-w’hiti*, particularly in thick albumen, and that 
“ the disapiiearance of thick win’te from e^*^^ in storage is due to a 
slow jDroteolysis (atalysed by tryptic jiroteinase 

In vie\v of the fact that the methods mnjiloyed by thes(‘ authoiN 
appeared in our opinion to be ojieii to (*ritieism, it was (lecided to 
investigate the jirohlem usin^' a snitahlt* lecliniijue. 

In the first ])la<*e, a rejietition oi the AVillstatter titration method 
employed by Bails and Swenson convinced us tint the accuiacy is 
insufficient for the detection of such small r*ba rices as were to be 
expected. In no instance could increases of the order observed b\ 
the American workeis he recorded ; tin' eiid-jioints were nevt'i- 
parti<‘ularly shaij) in such lar^e voIuiik's. Attemjits were made to 
increase the accuracy hy tit ratine- to a definite pll standard in a 
comparator instead of “ to a faint but- tine blue wdiiidi recjiiired a 
little practice to recoo-nise ” but without much success. 

The choice of the above method for the jmrjiose of the investi^>a- 
tion would seem moreover to have been singularly unfortunate, 
llecognisinj^, as it does, any increase in (‘arhoxyl groups, it would 
fail to distin^^uish between lijiolytie and proteolytic activity. The 
presence of an active lijiase in both ej^g* yolk and e^*^* w bite has been 
demonstrated by Koj?a (192^1) among* others. 
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Any attempt to detect the presence of small quantities of proteo- 
lytic enzymes (proteases, ereptases, etc.j, in egg* albumen demands 
the employment of a sensitive micro-method which is specific for the 
determination of peptide cleavage. Of the various methods available, 
the well-known formol titration technique appeared to us to be the 
most suitable. Using decinormal carbonate-free sodium hydroxide, 
contained in an automatic rnicro-burette graduated in twentieths of a 
cubic centimeter, and titrating to a standard pH value (pH 8 ’4) with 
the help of a Cole-Onslow comparator, no difficulty was experienced 
in attaining an accuracy of ±0*02 c.c. This is clearly evident from 
tlie ])rotocols recorded. 


Experimental. 

Having in our previous experiments (not recorded) employed 
only the one substrate gelatin, which is frequently used in the 
determination of tryptic activity, and obtained negative results, it 
was decided to extend the scope of the investigation by including such 
substrates as casein and peptone and by working over a wide pH 
range, any erepsin-like ferment would be expected to attack casein 
and peptone but not gelatin. No search was made for lipolytic or 
other types of enzyme. 

A I hum en solution s . 

Various numbers of eggs were used as recorded, either new laid 
(1 hour old), fresh or old from white Leghorn ])ullets, intensively 
housed and all fed on a grain and mash ration. The albumen was 
separated into the two portions, thi( k and thin by the sieve metliod 
of Holst and Almquist (1931). 3 c.c, portions of either frac tion were 
diluted to 10 c.c. with water and allowed to stand for 30 minutes at 
35°. 

In the majority of these experiments, the precipitated mucin was 
centrifuged off after shaking the diluted solution with glass beads, 
thereby avoiding the difficulty of removing a representative sample 
of tlie digestion mixture by the pipette, and excluding the powssibiliiv 
of ])recipitated particles adsorbing the indicator. 

It is noteworthy that the proportion of thick to thin albumen did 
m»t appear to be markedly different in normal and so-called wateiy- 
white eggs, except those which were very stale, leading us to suspect 
that physical variations in organisation of the protein ])ha8e may be 
intimately bound up with the phenomenon of watery- whiten ess. 

SuhstrateM, 

Two and 5 per cent, casein solutions were prepared in the usual 
way by grinding the protein with the requisite amount of alkali, and 
diluting to volume. The pH was adjusted if necessary to 8 4. 

Two per cent, gelatin was prepared by dissolving (ommercial 
gelatin in warm water ((50®) and adjusting the pH. 

2 per cent, peptone was similarly prepared from Parke, Havis 
& Oo., “ Bacterologic Peptone 

A few drops of toluol were added and each stoppered solution 
kept in the ice box when not in use 
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Buffers, 

A ran^e of phosphate and of borate buffers were prepared from 
Clark and Lubs tables; the soluUons were not, however, diluted as a 
high buffering power was desired. In the comparator a borate buffer 
of pH 8*4 was employed. 

Trypsin . — An active trypsin solution was prepared from pigs 
pancreas according to Cole (192G). Its activity was tested upon 
casein (see control experiment No. 4). 

A glyceiol extract of pancreas was tilso prepared and this 
trypsinogen utilised to check the activity of the enterokinase prepara- 
tion (calcified milk method). 

Enterokinase was prepared following Halls and Swenson (1984), 

An Erei)sin solution was prepared by grinding pig’s intestinal 
mucosa witli sand and water, straining and filtering. Its activity 
is demonstrated in control experiments Nos. G and 7. 

Fortnol Sohftio7i. -T\ih was made up according to Cole (1920). 
One drop of 1 per cent, alcoholic phenolphthalein solution being 
added per c.c. and sufficient sodium hydroxide solution to bring to 
pll 8*4. The reaction was carefully adjusted each day. 

T’ltralioii Tcchmqve. — d’he digOvStion mixtures were invariably 
made up by mixing, in small stoppered flasks, 10 c.c. of the diluted 
egg albumen, 10 c.c. of substrate solution and 15 c.c. of buffer and 
adding 4 drops of toluol, an amount ])reviously determined as 
suflicieni to iiibibit bacterial activity. 

In cases where kinase was used, 1 c.c. of this solution replaced 
1 c.c. of buffer. The buffering power was iSiiffi(*ieJitly strong to enable 
this to be ilorie without affecting the final pH of the mixtures. The 
solutions were left in a constant temperature water bath at ±87^. 

An aliquot of 10 c.c. was withdrawn for titration at zero time. 
To this was added 10 drops of 1 per cent, alcoholic phenolphthalein 
solution and decinormcal sodium hydroxide run in until the colour 
as seen in the conij)arator matched the standard of pH 8*4. Five c.c. 
of formol solution was now added and the mixture again titrated to 
pH 8*4, the quantity required being a direct me‘>Hure of the amount 
of amino nitrogen present. The delicacy of the titration was such 
that a difference of one drop, ecjuul to 0 02 c.c., could be easily 
distinguished. 

After a time interval which varied in different experiments from 
1 to 24 hours, a second sample was removed and similarlv titrated, a 
final sample being taken at the close of the experiment. The titration 
differences between the zero and first and second time intervals are 
recorded in the protocols, 

Hesults. 

Vontrol Experiments. 

The control experiments of Table I served to demonstrate the 
reliability of the method as far as reproductivity of results was 
concerned and the absence of bacterial interference. Even in the 
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presence of eiiterokinase no proteolysis otcnirred in the various 
substrates after 24 to 46 hours, which justified the conclusion that the 
increases in amino nitrogen observed when egg albumen or enz>me 
solutions were piesent could be attributed to the action of the latter. 

Krepsin was active upon casein and upon peptone but had no 
efieci upon gelatin. 

The use of (;asein as a substrate by Balls and Swenson can be 
crticised on the grounds that it fails to distinguisli between erepsin- 
like euzynievS and true proteases (e.g. trypsin). I'he conclusion arrived 
at by these authors that a “ tryptic proteinase ” is present in eggs 
is not justified by their data, if one discounts the reported auxiliary 
effect of eniero-kiuase. In some cases no increase occurred on the 
addition of kinase, in others, slightly higher titration figures wwe 
]‘e('orded, but considering the limitations of the method these figures 
do not, to our mind, carry mucl» conviction. 

A tifolifats K.vperi me lit s. 

Were a protease responsible for the breakdown of egg albumen, 
leading to the condition of watery-white, it would be expected that 
measuremcnls of amino nitrogen in such alhuimm solutions, suitably 
buttered, would reveal the presence of sucb an enzyme es])e(*ially when 
immbated at a temperature of for periods ranging from () to 24 
hours. 

It seemed natural to look, id the first ])la(*e, foj’ sindi uiitodiges- 
tion of egg albumen alone. Autolytic activity of tissues usually 
proceeds most rapidly in a slightly acid medium. Tests were however 
performed with thick albumen solutions buffered at reactions ranging 
from })JH. O'b-b-O; 7- 5-8 0. Xo action was observed at any pH 
although these eggs were shown to contain an active erepsin as sub- 
setjuently reported (see Table il, trial 12). 

Autolytic proteinavSes vseem, therefiue, to be definitely absent 
from the eggs under consideration in our ex])eriinenls. 

In (umUm* to meet the jiossibility that a proteinase was present 
but that egg albumen was not a suitable substrate to i*eve!il its 
activity, expeiiments were (‘arried out in whi(*h egg albumen was 
added to gelatin vsohliions buttered at ])H 7*8 ftr 8*4 and wdth, or 
without, the addition of kinase. No increase of aniin.o nitrogen could 
be demonstrated (see trials 1, 9 and B’l ). The egg concerned in trial 
1 was a “ Watery-WTxte ’’ as understood , by the trade. 

I'hat the majority of eggs do contain an erepsin-like enzyme 
particularly associated with the thick albumen w^as clearly proved by 
the Uvse of casein or peptone solution.^ as substrates. The activity 
is not great and requires a micro-method for its demonstration. The 
etizyme would appear to be nsscKuated in normal eggs with the thick 
albumen fraction ; even in a fiVe-months-old egg a feeble action was 
found in the thii^k white but none in the thin. In eggs having 
floating nir cells, this enzyme was demotsMi^hle in both fractions 
(see trials 6 and 8). In the ca««e of trial 0, the albumens from two 
<^ggs were mixed and a greater activity found in the thin white than 
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the thick. It must be remarked, however, that in oue of these eg'f»‘s 
only a small qiiiiutity of thick white failed to pass the sieve. It is 
possible that a diffusion of the enzyme had occurred from tliick to 
Ihin. 

It is significant tliat proteolysis was observed upon pepione and 
casein as substrates without the addition of enterokiiiase. 

As regards the pH optimum, the preliminary trials Nos. 2-11 
appeared to indicate a greater activity at pll 7 8 than at 8-4. It 
was decided, theiefore, to observe the activity of individual 
albumen solutions, jiooled from two eggs, over a siiffi(‘ien11y wide jiIl 
ranffe. 

These results are recorded in trials 14-1() and Tigs. 1, 2, and d; 
Tig. 4 representing a composite of the final (dianges observed in the 
individual experiments. 

It seems clear that two regions of maximum activity exist; tlie 
one fairly sharply hxailised at jiH h o, the other spreading over the 
range pH 7 '0-8-0. At intermediate reactions a certain amount of 
activity could still he detected. 

It seems to us more likely that, two separate enzymes liaving 
different optima are <*on<-erned, and this suggestion is borne out by the 
greater relative activity in the pll 7'0-8‘0 region in the (-ase repre- 
sented by Tig. 1, no such difference ocMuirring in the other two (‘uses. 
It is well known that a mixture of two enzymes having different 
optima will afford an extended pH-activity curve exhibiting two 
humps. As an example, the pTT-aidivity curve of ])epsin aiding upon 
egg allnnnen (Northrop 1919) has been selected and reproduced tw’ice 
upon the same gra])!) pajier so tliat the tw’o curves lie symmetrically 
aboul the point of their intersection. 1iiis gives a hypotheti<‘al case 
(‘omi)aral)le wu'th the ctinditions obtaining in egg white. It is seen 
from Tig. h that the overlap])ing results in a coinjiosite curve, 
exhibiting tw^o maxima and an extended intervening range of lesser 
ai'tivity. We consider, therefore, that the curves of Tig. 4 may 
each be resolved into two partially overlapping comjionerits, 
rejiresent ing two enzymes wdiose o])tima lie at a])])roximatelv pTT '5-5 
and 7-0-8 0. 


DiSfTSSION. 

Several records are to lie found in the literature of investigations 
upon the enzymic* activity of eggs, but in many cases the results 
w'ere not unambiguous. 

Wohlgemuth (1905) reported the preaem*e of a proteolytic* 
enzyme in egg-yolk, but wuis unable to demonstrate any siicdi activity 
in egg albumen. Koga (1923) denies the presence of a trypsin-like 
enzyme in yolk, detecting, on the other hand, a not-im-onhiderable 
ereptic activity. f]gg white, he considers^ contains a fibrinolytic 
enzyme in small amount. Additional references are quoted by Balls 
and Swenson. 
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It is evident from the present work that at least two peptWe- 
splitting enzymes were present in the albumens of the eggs studied, 
whether normal or ‘‘ watery-white The enzyme with a pH 
optimum about 7 *6-8 *2 is probably similar to tissue erepsin. 

Although our data do not pretend to offer any explanation of 
the cause ot “ watery-white it is of interest to discuss our findings 
in the light of some of the hypotheses which have been put forward 
to explain this condition. 

In the first place the conclusions of Balls and Swenson are 
clearly untenable. It is difficult to understand, however, how an 
ereptic enzyme could in any way modify the condition of tlie native 
protein. Our autolysis trials indicate that no breakdown occurs 
under these conditions at pH values ranging from 5 to 8. 

It is also significant that a number of eggs examined within 
12 hours of laying have been found by us to exhibit the condition 
known commercially as “ watery* whiteness Storage is not 

essential to the development of this condition and in our opinion the 
cjondition induced by shaking, as reported by various authors (e.g. 
Canham 1984, Hainan 1988, Dry den 1984), is not identical with that 
which appears in certain eggs a few hours after having been laid. 

Our observations suggested some association between a tendency 
towards natural watery-whiteness and imperfect shell formation. In 
support of this, it may be recorded that imperfectly shelled eggs 
picked at random from a day^s collection proved subsequently, 
although not in every case, to develop watery-whiteness wilhin a 
short time after being laid (12 hours), and our experience would 
indicate that experiments taking cognisance of this fact, might help 
to throw light upon the problem. 

Few, if any, eggs with perfectly developed shells of fine texture 
and good calcification, result intimately in watery-whites. 

The white of an egg is an elaborately orgTtnised structure as may 
be verified by observing its behaviour when poured upon a sieve. 
The thick albumen forms a kind of pouch supported no doubt by 
interlacing fibrillse of mucin. Within this pouch the bulk of the 
thin white is contained and is liberated when the structure gives way 
upon the sieve surface. Even so, both thick and thin fractions 
contain mucin which I)ecomes visible upon diluting ihe materials 
with water. 

As stated previously, a low proportion of thick to thin albumen 
is by no means an invariable accompaniment to the watery- white 
condition, in fact our experiments have shown that this is rarely the 
case. The lowered viscosity of the white seems to be due largely 
to a loss of structural organization. It would be of interest to 
determine whether the total amount of mucin in watery-white eggs 
is less than in normal eggs and also what alterations, if any, this 
protein has undergone. 

Artificial disintegration of the albumen, as for e:Scample by the 
injection of trypsin or erepsin into normal ^ggs, maj be expc( ted to 
result in a lowered viscosity of the white, but this in no way proves 
that the naturally occurring watery white is produced the samte 
way. 
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A hypothesis which luakes soioe appeal to us is tliut the cause 
may be sought in un upset of the l>ouiid- to the free-water ratio. 
Proteins are known to combine with a certain proportion of the 
water in which they are dissolved in such a manner that this quantity 
of the solvent is bound or eliminated in such a way that it no longer 
participates in osmotic phenomena. Any release of this bound water 
(jauses a diminution in the viscosity of the system. The point, is 
susceptible of experimental investigation and should be considered 
in any attempt to explain the occurrence of watery-whites St. 
John (19^11) has found the bound water in thick egg white to be 
no less than 20 per cent. 

Jiegarding the whole problem from a detached standpoint, it 
appears to us that many tacit assumptions have been made which 
re(juire experimental proof or disproof. Spec'ulation based on false 
premises is obviously useless. Fhysi(io-chemi(;al possibilities have not 
received the attention they would apjiear to merit in sucdi a problem. 
It seems to us that the first point to be elucidated in an approach 
to the problem is the actual nature of the difference between the 
colloidal systems of protein in water comprising the total white in 
normal and watery-white eggs. The funciiou of the mm*, in apjiears 
to be to ])reserve a structural organization in the white as between 
the albumen and the other membeis of the colloidal c.oinplex, but 
how this function is discharged is ol)S(*ure. Some disorganization 
seems to take place in “ watery -whiten ess 

One cannot help recalling the somewhat similar problem of 
gluten dispersicjjris in water. The jjrotein from a strong ’’ flour 
forms a highly viscous colloidal solution, that from a “ weak ” flour 
a less viscous one. The reason for this behaviour is not kiiowm. Even 
a highlv viscous solution undergoes a more or less rapid spontaneous 
decrease in viscosity without, as far as can be ascertained, any mvirked 
or obvious change in the pmtein; fhe action of enzymes has been 
definitely excluded.^ Our knowledge of protein systems with their 
possibilities of hydration, dissociation and polymerisation is still so 
meagre that much work will have to be done before such peculiar 
changes as that above mentioned can be understood. It is along 
these lines, how^ever, that we feel the solution of the waitery-wdiite 
problem will ultimately be attained. 

Summary. 

1. The enzymic activity of solutions of thick and thin albumen 
from normal and watery-white eggs has been studied, using a micro- 
titration method determining peptide cleavage in terms of the 
increase in amino nitrogen. 

2. Thick or thin albumen clone at pH values ranging from b-o 
to 8*5 suffer no autolysis at 37°, neither can any protein-splitting 
enzyme be detected at any pH by the addition of gelatin as substrate. 

* Since this was written, an article has appeared by Blaaoveschenski and 
Yurgenson (1936) in which it is claimed that there is present in wheat flour an 
enzyme which exercises a definite solvent action on these proteins by virtue of a 
disaggregation rather than an hydrolysis. Tt is claimed that there is no 
increase in amino-nitrogen during the process. It would seem highly desirable 
that egg white be studied in a similar manner. 
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y. The work of Balls and SM’eiivSon is criticised on account of 
insufficient sensitivity of the method employed and the fact that it 
is such as would fail to distinguish between an increase in acid 
grou()s due to lipolytic and due to proteolytic activity. Moreover, 
the use of casein as a substrate is incapable of differentiating protease 
from ereptase activity. 

4. The presence in egg white of at least two erepsin-like enzymes 
having different pH optima (approximately 5 5 and 7 *0-8 0) has 
been deiuonstrated. 

Whether or not these enzymes j)lay any part in the development 
of “ watery-white ” is unceitain but for reasons discussed it would 
seem unlikely 

Kome observations upon “ waterv -white ’’ in eggs are recorded 
and the problem subjected to a short discussion. 
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Anatomical Studies No. 58. 


Diprosopus Tetrophthalmus in a Bull Calf. 


By W. J. B. GREEN, B.V.Sc., Veterinary Research Officer, 

Onderstepoort. 


The above calf was born iii a kaffir location near Maritzbiirg at the 
beginning of March, 1934. ITnlike most monstrosities of this nature, 
the calf (lid not die soon after birth, but was destroyed at 3J months 
of age on account of a severe panophthalmia of both (jentral eyes. 
Otherwise it A\as in excellent health. 

During life the calf was unable to stand or even rise, although 
on several occasions it made ineffectual attempts to do so — moving 
around in circles on the ground. The failure to rise was not due to 
weakness, as it could kick vigorously at the age of two months. This 
would appear to have been due to the heavy weight of the tremendous 
head as well as possibly lack of function of the centre of eciuilibrium. 
Food (X)uld be taken through either mouth, the common method of 
adipiuistration being by bottle to which a long teat was fitted. The 
sense of hearing was fairly well developed since the head would be 
slightly raised when approached or si)oken to from a distance. 
Bellowing was heard a few times. When licking, the tip of both 
tongues would appear siinultatieously at the corner of each mouth. 

After some weeks and owing to the fact that the eyelids of the 
central eyes did not function, abrasions appeared on the cornea. 
These were due to the admittance of foreign particles which irritated 
the eyes. Infection followed, with the result indicated in the first 
paragraph, 

I^ost-uiortem es.amination showed nothing unusual except the 
ophthalmia and the features represented in the accomj)anying figures 
(figs. 1-4). 
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Fig. 2. — Doubk* tongue of oelf. 
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Fiji;. 3. — Double brain ol‘ calf, dorsal view. 



Fig. 4. — ^Double brain ol cadf, ventral Mew'. 
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Anatomical Studies No. 59. 


On a False Masculine Hermaphrodite in an 
Avian Hybrid. 


By N. F. VILJOEJS, M.R.C.V.S., Bloemfontein, and 
J. Jl. T)E BRUIN, University of Pretoria. 


WiiTi.K on district duty in November, 1932, in the Lichtenbiir^>' 
District, one of ua (N.F.V.) was slmwn by Mr. Morley, of P.O. 
liarberspan, a hybrid bird. According io the owner two eggs by a 
Rhode Island cock out of a guinea-fowl hen t\ere laid some time 
in 1929. Botb eggs hatched, but one chick died. The second chick 
was successfully reared, and as will be seen in Figs. 1 and 2 the 
bird was white with numerous red speckled feathers on tlie back, 
neck, breast and abdomen. The bird w’us larger than a Rhode Island 
hen, but .smaller than a cock. The body was nuudi elongated and the 
bead j)ossesed a curved beak which was longer tha-n that of a fowl. 
The eye was “ wdld ”, the (tomb nidimentary, and the back of the 
head show’ed a tuft of small quills wdiich pointed backwards. The 
wdngs were w^ell developed ami flight was stronger than in the case 
of the domesticated fowl. The legs appeared to be short for the 
.size of Ihe body. 

The habits of the hybrid were always somewhat wild; in fact, 
it iirefeired the company of tame gtiinea-fowds to domesticated fowds. 
When (*a, light, a w^eird squawdc was emitted and the captor would be 
readily bitten. Mr. Morley had never noticed any attempt at mating. 

Thanks to the owmer’s generosity, the bird was presented to the 
Anatonii(Uil Dejiaadment of the Faculty of Veterinary Science at 
Onderstepoort in December, 1932. Here it w^as placed in a pen with 
a White Leghorn cock and fed by the Poultry Officer* on an egg- 
jiroducing ration. Although mating took place, during the observa- 
tion period of eighteen months, no eggs were laid. 

Finally, on 17th August, 1934, the hybrid w^as killed and the 
genitalia examined (fT.H.deB). Apart from the fact that the (ioaca 
w^as smaller than in ihe case of the ustial (egg-laying) hen, all that 
was seen was a paiif of poorly developed testes (T) (1*5 x *6 cm.), 
there beirig no signs of female genitalia or male ext^reiory ducts. 
(See Fig. 3.) 

* Mr. E. van Manen, to whom thanks are due for his interest in the 
observation. 
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\\ iUi the piesence of the male jflands and the feminine appear- 
ance of the bird, it is evident that the specimen was a false masculine' 
herniaidirodite. 

Mi('ioscopically the testes were in a condition of aspermato- 
l^enesis. (See Fi^. 4, A, and Fig. 5, A.) In order to familiarise 
the readei \adth the appearance of a normal fowl testicle, a section 
is shown (Fig. 4, B, and Fig. 5, B) from a year-old White Leghorn 
cock along with views ot vormat spermatozoa, both kindly stained 
(Giemsa) by Mr. C. Jackson (Fig. 6, A and B). 



Fig. 1. — View of hybrid. 
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The Bloedpens Strain of CL welchii, Type B, 
Wilsdon (the ** Lamb Dysentery Bacillus **). 

By J. H. MASON, F.E.C.V.S., F.E.S.E., Empire Marketing Board 
Kesearch Fellow, Onderstepoort. 


INTRODUCTION. 

When the writer arrived at Onderstepoort in 1931, he discussed with 
his colleague, Dr. E. M. llohinson, the similarity of a lamb dysentery- 
like-disease, bloedpens prevalent in certain districts of South 
Africa, with lamb dysentery as known in Great Britain. From 
descriptions of the germ isolated, from a naturally-infected lamb, 
by Dr. Robinson, he came to the conclusion that in all probability, 
the disease and the causative mi(*robe were the same as in Britain. 
To confirm this opinion, toxin, prepared from the bloedpens (BP) 
strain was titrated intradermally (i.d.) in guinea pigs against a lamb 
dysentery (L.D.) antitoxin brought from overseas (Wellcome 
Laboratories). It should be emphasised that the only point at issue 
was whether or not Tj.D. antitoxin was capable of neutralizing the 
toxin; no attempt at accurate work was contemplated. Actually 
OOl c.c. of anti-serum neutralized a test dose of toxin containing 
between 30 and 50 minimum reacting doses (M.R.I).). On this result, 
it was decided that the toxins of L.D. and BP were serologically very 
similar and probably identical. The i.d. method of testing was used 
because, at that time, no mice were available to (‘arry out intravenous 
(i.v.) titrations. Later, this lack was made good, and a few rough 
tests were made by the i.v. route, merely to confirm the i.d. results. 
The apparently discrepant results obtained intravenously initiated 
this research. It was found that although L.D. antitoxin in a dose 
of 0 01 c.c. fully neutralized a certain test dose of BP toxin when the 
i.d. route was used, as much as 01 c.c. was unable to neutralize the 
same test dose by the i.v. route. The probable reavson for this is given 
in the text. 

Until the isolation of the ‘‘ l^.D. bacillus ” by Gaiger and 
Dalling in 1922, and its description by Dalling in 1928, only one 
serologic al tyi)e of CL welchii was known, the organism originally 
described by Welch and Nuttall (1892). Bull and Prichett (1917) 
showed that the toxins of 27 different strains were neutralized by 
one antitoxin. One strain, B, Egens, isolated by Stoddard (1919) was 
said to be cultural variant; however, Weinberg and Prevot (1927) 
and Dalling and the writer (unpublished work) showed that 
serologically it behaved as C/. welchii, Henry (1922) postulated the 
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presence of 2 toxic fractions which he named a haemo and 
“ myo ^ '-toxin. The writer (unpublished work) was unable to con- 
firm this (by absorption with red cells and muscle) and the results 
of Dalling et al, (1928) and Mason and Glenny (1928) showed that 
antitoxins of widely different origin all neutralized the toxin of one 
Cl. welchii strain, the titrations being carried out intramuscularly 
(i^m.) or intravenously (i.v.) in mice or haemolytically against rabbit 
red cells. Further, the writer has, over a period of 7-8 years, titrated 
antitoxins of different origin against the toxins of about 6-8 different 
welch strains; neutralization took place in every instance. Simonds 
(1915) classified Cl. welchii according to its fermentative action on 
various sugars. Balling and the writer (unpublished work) received 
fi^m another laboratory 4 strains classified according to his method ; 
toxins prepared from them were neutralized by an antitoxin prepared 
against Cl. welchii. 

The foregoing brief review indicates strongly that the toxins 
produced by classical Cl. welchii are serologically identical. No 
indication has yet been given that this germ produces more than one 
toxin, and further, the methods of testing applied (i.v. mouse, i.m. 
mouse, i.d. guinea pig, and haemolytic) would point to its various 
actions being due to the same toxic principle. However, in view' of 
the intensive work that is being carried out in various laboratories 
in different parts of the world on the L.D. — 1i. paludis — B. ovitoxicuH 
group of welch-like germs and of the interest that this will stimulate 
in further investigations into the true welch group, it would occasion 
no surprise if definite serological variants of CL welchii, more akin to 
welch than to L.D., were reported upon in the future. 

Apart from some minor cultural variations, the main difference 
between the L.D. bacillus and Cl. welchii was shown to be in their 
toxins (Balling, 1928); the L.D. toxic molecule contained some webdi 
toxin as evidenced by the ability of its antitoxin to neutralize welch 
toxin. Welch antitoxin, on the other hand, had no effect upon L.D. 
toxin, showing that its toxin ccJntained none of the L.D. fraction. 
McEwen (1930) described another w^ebh-like germ, B. paludis. The 
toxin of one strain (CT 40) w'^as found by Mason, Ross and Balling 
(1931) and by Mason (1933) to be vserologically identical w'ith that 
of L.D. 

Bennetts (1932) isolated from the bowel of sheep infected with 
Entero-toxaemia ”, a welch-like germ, B. ovitoxicus, and Gill 
(1933). recovered the same or a very similar organism from the gut 
of lambs infected with ”Pulpy kidney disease ”, Bennetts stated that 
B. ovitoxicus toxin was neutralized by L.D. and ovitoxicus but not 
by paludis antitoxins, that welch toxin w'as neutralized by these three 
antisera, that L.D. toxin was neutralized by L.D., paludis, but not 
by ovitoxicus antitoxins and that paludis toxin was neutralized by 
L.D. and paludis but not by ovitoxicus antitoxin. Gill was able to 
neutralize the toxin of his strain with one batch of L.D. antitoxin 
but not with a second batch; the toxins and antitoxins of ovitoxicus 
and of his germ cross neutralized, whereas paludis antitoxin failed to 
neutralize either ovitoxicus toxin or that of his bacillus. It should be 
noted that both the L.D. antitoxins used were , prepared under 
Balling^ s supervision at the Wellcome Laboratories. (The reason for 
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one batch proteclinf? and the other failing to do so will become clear 
from what follows.) Wilsdon (1931, 1933), examined a considerable 
number of welch-like germs and was able to group them on the type 
of toxin they produced. This classification was briefly as follows: — 

Type A contains one type of toxin (factor W) — classical Cl. 
welchii. 

Type B contains three types of toxins (factors W, X and Z) — 
L.D. bacillus. 

Type C contains 2 types of toxin (factors W and Z) — B. 
palvdis. 

Type J) contains two types of toxin (factors W and X) — 
B. ovitoxicMS . 

Further, he showed that this 1) type and the B. ovitoxicvs produced 
maximum toxin after 3-5 days’ incubation of the culture at 37° C. 
Montgomerie and liowlands (1933) isolated welch-like germs from the 
intestine of lambs infected with lamb dysentery. The toxins produced 
therefrom behaved in the following fashion : paludis antitoxin 
neutralized the toxins only when they were produced from a young 
(18 hours) culture and when the test dose of toxin contained only a 
few (6) M.L.l).; toxins of 0-30 days’ cultures were not affected by it. 
Ovitoxicus antitoxin (Wilsdon Tyi>e D) neutralized only when the 
toxin had origin from an old ((>-30 days) culture. One Ij.D. anti- 
serum (A) neutralized the toxin produced in 18 hours’, G days’ and 
30 days' cultures; another L.D. antitoxin (B) behaved in the same 
way as did the paludis serum. (Both these antitoxins were prepared 
at the Wellcome Laboratories.) A combination of ovitoxicus and 
paludis antitoxins neutralized toxins of all ages. The authors con- 
clude that the toxin of the L.D. bacillus contains 2 toxic fractions: 
one, present in high concentration during the early period of incuba- 
tion and neutralizable by paludis antitoxin and the other, present in 
low concentration during the early states of incubation, but increasing 
with incubation and neutralizable by B, oviUKricna antitoxin. 
Dalling (1934), working in collaboration with Montgomerie and Row- 
lands, examined the L.D. cultures in use in 1932 (these being sub- 
cultures of the original sealed-off 1922 culture) and found that these 
were unable to form the ovitoxicus type of toxin, whereas a direct 
subculture from the 1922 tube produced a filtrate containing both the 
L.D. and the ovitoxicus type of toxin. Further, he states that he 
examined the antitoxins used by Montgomerie and Rowlands; that 
(A above) which neutralized their toxins, no matter their age, was of 
earlier production and that (B above) which neutralized only 
young ” toxins was of more recent preparation. He concludes 
that, at some time between 1922 and 1932, the L.D. bacillus lost the 
power to produce the ovitoxicus type of toxin, at least, in amounts 
detectable by the methods employed. 

What has immediately preceded explains the apparentlj^ dis- 
crepant results obtained by Bennetts and Gill; Bennetts obviously 
received the earlier and Gill the later type of L.D. antitoxin. 

[It may be stated, at this point, that Dalling (1932) and the 
writer [addendum (1) to this paper] have brought forward evidence 
to show that B. ovitoxicus may produce the L.D. type of tCxin.]* 
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The final article that need be mentioned is that of Ulenny et 
aL (1933)^ They examined the toxins and antitoxins of the L.D. 
bacillus, B, paludis and CL welchii and were able to detect 4 toxic 
fractions in the toxins. These they designated alpha — the toxin of 
classical CL welchii present also in B, paludis and the L.D. bacillus 
(agni) filtrates; ‘‘ beta — a necrosis-producing, non-haemolytic 
toxin, not present in welch but the predominant constituent of L.I). 
and paludis filtrates; gatmna ” — a constituent of L.D. 

(agni) filtrates, lethal to mice and not neutralized by alpha or beta 
antitoxins. Its presence could only be inferred because sera were 
encountered with a high protective power against L.I). (agni) filtrates 
as judged by the intradermic injection of guinea pigs and low 
protective power in mice (i-v. inoculation). This toxin is probably 
contained to a slight extent by paludis filtrates; delta — ^a 
haemolysin produced by B^ paludis and probably to a much less 
extent ny L.D. (agni); and epsilon ” — a necrosis-producing toxin 
associated with Wilsdon’s Type D {B* ovitoxicus) bacillus. This toxin 
is neutralized by L.D. aera prepared prior to 1930, but not by recent 
batches, 

A brief summary of the results of research on the toxins of the 
Welch-L.D.-paludis-ovitoxicus group is as follows. There are three 
main toxins produced (following Glenny’s nomenclature); — 
alpha ” produced by all members, “ beta ’’ produced by L.D. 
paludis, and according to Dalling and the writer^s earlier results 
to a slight extent by ovitoxicus but not by classical CL welchii and 
“ epsilon produced by the original L.D. strain and by B. ovitoxi- 
cus but not by B, paludis or CL welchii, “ Gamma is a lethal but 
non-necrotic fraction produced by Ji.I). and probably to a slight 
extent by paludis and “ delta is a haemolysin formed by paludis 
and to a slight extent by L.D. 

METHODS. 

Toxik Production. 

Eobertson^a meat broth was used in all instances, being 
thoroughly boiled and rapidly cooled just prior to inoculation. After 
18 hours’ or 5 days^ incubation at 37^ C., the culture was passed 
through paper pulp and then through a Berkefeld candle, and if the 
toxin was to be used in the liquid state was preserved by adding 
enough phenol-ether ^equal parts) to make a 10 per cent, concentra- 
tion. Dry stable toxin was obtained by saturating the toxic filtrate 
with ammon. sulph., pressing the precipitate, and drying it in vacuo 
over HaS 04 . For use, 100 mgm. of dry toxin was dissolved in 5*0 
c.c, of saline. 


Toxoid Production. 

Enough formalin (40 per cent, formaldehyde) was added, either 
to the whole culture (freed from meat particles) or to the toxic filtrate, 
brought to pH 7*4, to make a 0*4 per cent, concentration and the 
r fsb^rmalised material incubated at. 37® 0. until more than 0-25 c.c. 
(injected i.v.) was required to kill a mouse. • This usually took from 
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Antitoxin Production, 

Goats were used tlirouglioul, immunization commencing with the 
subcutaneous injection of formol-toxoid and finishing with unmodified 
toxin. 


Neutralization Tests. 

Toxin and antitoxin were mixed, allowed to stand for one hour at 
room temperature (18^-26° C.) and injected i.v* into mice. Results 
were recorded, after 5 days, as “ live “ dead ’’ or “ symptoms, 
lived i.e. showed nervous phenomena but survived the 5-day 
period. In the intradermic titrations in guinea pigs, the total volume 
injected was 0*2 c.c. and the results were recorded after 48 hours as 
+ H- + 4-N, + +N, -f N, ±N, the ‘‘ N referring to the inflam- 
matory necrotic lesion produced. In the haemolytic tests, haemolysin 
(toxin) and antihaemolysin (antitoxin) were mixed, enough saline 
added to bring the volume to 15 c.c. and after one hour’s interval, 
1*0 c.c. of a 2*5 per cent, suspension of well-washed rabbit red cells 
was added. After 2 hours at 37^ C. and 2 hours at room temperature, 
results were recorded as “ complete ” (C), partial ” (P), ‘‘ large 
trace ” (L.T.), “ trace ” (tr), or negative (N) haemolysis. 


EXPERIMENTAL.^ 


Origin of the cvltures used : — 


The hloedjyens culture 
CL welchri, Type B . 


Cl. icelrhii. Type C ... 
CL welrhii, Type D ... 


Isolated from a naturally-infected lamb 
by Dr. E. M. Robinson. 

(a) The 1930 ” variety, brought from 
the Wellcome Laboratories by the 
writer. This is a subculture (many 
generations old) of 

(b) The “ original ” strain, isolated by 
Balling and Gaiger in 1922. 

McEwen’s C.T. 40 strain. 

Bennetts’ B, ovitoxicus (R2), as received 
from Dr. Bennetts. 


Morphology and Cxtltural Characters of the Bloedpens Strain. 

The bloedpens strain showed no morphological or cultural 
characteristic that distinguished it from classical Cl welchii. Its 
fermentative action on the various sugars ” (1*0 per cent, in 1*0 
per cent, peptone water) after 14 days’ incubation at 37° C. in a 
Macintosh and Tildes’ jar was as follows : acid and gas formation in 
saccharose, galactose, glucose, lactose, maltose, dextrine, raffinose, 
glycerine and inosite; no action on salicine, adonite, mannite and 
dulcite. Gelatin was liquefied, alkaline egg medium clotted and milk 
fragmented ('* stormy fermentation ”). Loetfler’s serum medium was 
partially liquefied, but inspissated horse serum was not attacked. 


* Cl. welchii will he referred to as '' Type A the L.D. bacillus as ** Type 

B B. pahidis as ** Type O’’, and B. ovttoxicus as T^pe D Crlenny^s. 
nomenclature will be used to designate the toxic fractions. 
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Pathogenicity. — The intramuscular injection of 0*1 c.c. of an 18 
hours* meat broth culture of BP into guinea pigs caused death in 
from 15 to 18 hours. The post mortem appearance was very similar 
to that produced by Cl. welchii. Type A, to such a degree that the 
writer could not differentiate, with certainty, those animals killed 
with the BP organism from those killed with Cl. welchii. On a few 
occasions, the post mortem picture recalled that produced by Cl. 
oedematiens. The ^erm could be recovered from the heart blood and 
liver of the animal shortly after 'death. 

Cross Immunity Tests in Guinea Pigs. 

(Bloedpens and Type B.) 

Formol-toxoids. were prepared from the BP and Type B strains. 
The latter germ was of the 1980 variety and thus incapable of forming 
the epsilon, toxic fraction. 

BP Toaoid Immunized Guinea Pigs. — These received two sub- 
cutaneous injections of 2*0 c.c. of toxoid at three weeks’ interval, 
and were tested for immunity thirteen days after the second inocula- 
tion by the cumulative M.L.D. method (see Mason, Ross and Dhlling, 
1931). Table 1 records the results. 

Table 1. 

Amount of Toxin tolerated hy G.Ps. Immunized with BP Toxoid. 


Test To,tin. 
(M.L.D. withstood.) 


G.P. 

BPl. 

Type B, 1930, 1. 

1 

1-4 

1-4 

2,. 

0 

1-4 

3 

16 

4 

32-64 

6 


6..,. 


8-16 

7.'. 


>64 


[The “ 1 ” of BP 1 and Type B 1930, 1 means that the toxin 
was obtained from a culture incubated for one day (18 hours). The 
toxoid used to produce immunity was made from a toxin of a one-day 
culture. ] ' 

Type B, 1930 Toxoid Immunized Guinea Pigs. — The toxoid was 
prepared from a one-day toxin. Tbe injections, the test toxins and 
inethod of test were the saine as noted for " BP ’* toxoid 
immuniEed guinea pigs. 1>able';9 gives the results, - 
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A further test was carried out on two guinea pigs which had 
received two injections of 2^0 c.c. each of Type B, 1930 toxoid and 
had survived the intravenous administration of 12 M.L.D. of toxin. 
One week later, they survived the i.v. injection of 16 but not 32 lethal 
doses of BP 1 toxin. 


Table 2. 

Amount o/ Toxin tolerated by G,Ps, Immunized with Type S, 1930, 

1 Toxoid, 

Test Toxin, 

(M.L.D. withstood.) 


G.P. 

BPl. 

Type B, 1930, 1. 

1 

<1 

i 


2 

<1 1 


3 

1-4 


4 

4-8 


5 

8-16 


6 

16-32 


7 


1-4 

8 


16-32 

9 


>32 

10 


>32 

11 


>32 


The results presented in tables 1 and 2 show that the two toxins 
have at least one important antigen in common. The anti-toxin 
binding values of the two test toxins used to estimate the degree of 
immunity produced cannot be compared, since, as will be shown later, 
they differ qualitatively. 

The Toxin produced by the Bloedpens Strain. 

The ‘‘ One-day Toxin {BP 1). 

A dry toxin was prepared from an 18 hours’ culture; the M.L.D. 
for mice by i.v. injection was 0 001 c.c. Prom the results obtained 
in the immunization of guinea pigs (tables 1 and 2), and from a few 
rough preliminary titrations in mice, it was anticipated that Types B 
and C antitoxins would neutralize this toxin in multiple proportions. 
Such was not the case. In titrating Type B toxin (1930 variety) and 
antitoxin, the result can usually be forecasted with some certainty 
2 to 4 hours after the injection of the toxin-antitoxin mixtures. Using 
a test dose of BP 1 toxin of 0-1 c.c. (100 M.L.D.) the following results 
were obtained in the titration (mouse i.v.) of two Type B and one 
Type C antitoxins (table 3). 
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Table 3. 

Titration of a large test dose (0‘1 c.c. = 100 M.L.D.) 
of B. PA. toxin against antitoxins. 


Antitoxins (cc). 

Type B (1789), 

Tyiie B (SC). 

Type C (pal). 

0 004 : i hr. 

0 02 

0 025 All showing 
symptoms 

0 03 5 hours. 

0 04 All dead o/n 

01 

0 25 

0*5 

0 004 ^ i hr. 

0 005 4^ i hr. 

0 005 J hr. 

0 007 -r 3 hr. 

0 007 ~ 4 hr. 

0-01 o/n 

0 01 4-5 hr. 

0 015 o/n 

0 1 - o/n 

01 o/n 

0 26 o/n 

0-25 — o/n 

0*5 -f- o/n 

0*5 o/n 



[ 7 == died ; o/n = overnight ; hr. = hour(8). Type B (1789) and (SC) were prepared 
from a “ 1930 ” strain.] 

The results in table 3 show that such a relatively enormous dose 
as 0*6 c.c. of Types B and C antitoxins was unable to neutralize the 
test dose of BP 1 toxin althou^^h the appearance of the mice alter two 
or three hours indicated that protection would be afforded. That the 
antitoxins used were of high value is shown by the fact that relatively 
small amounts (0’004 c.c. — 0*015 c.c.) neutralized 20 to 100 M.L.D. 
of Type B, 1930 and Type C toxins. However, by reducing the test 
dose of BP 1 toxin to 0*01 c.c. (10 M.L.D.) full protection was 
obtained, but 0 05 c.c. was not neutralized by 0*1 c.c. of antitoxin 
and 0*025 c.c. sometimes was and at other times was not neutralized. 
Table 4 summarises the results obtained, using a test dose of 0*01 c.c. 
of BP 1 toxin. 


TabIaE 4. 

Titration of a Small Test Dose (0*01 c.c.:=10 M,L,D,) of BP 1 
Toj^in against Antitoxins, 

Antitoxins (cc). 


Type B (1788). 

Type B (SC). 

Type C (pal). 



0 0006 4- o/n + 2d. + 3d. 

0 0008 -r o/n -r 3d. 

0-0016 //// 4d. 1 

0 0007 4- o/n.+ 2d. 

0 001 /// 4d. . 

0-002 / 4d. 

0-0008 -f 2d. / 4d. 

0 0012 // 4d. 

- ..1 

i ^ 

-0*0009 // 4d. 


(*~ died ; / 4d* » mouse alive and well on the 4th day ; h. »» hours.) 
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Before considering one point of importance in Table 4, the result 
of determining the M.L.D. of a mixture of 0*1 c.c. of BP 1 toxin and 
0 016 c.c. of Type B (SC) antitoxin (theoretically a neutral mixture 
from the results given in table 4) will be presented. This mixture was 
set up in a multiide of 5; 0*25 c.c., 0*2 c.c., 0-15 c.c. and 0*1 c.c. 
killed mice overnight; the mouse receiving 0*075 c.c. was ill after 18 
hours, showed ‘‘ jumpy symptoms in 3 days but was alive after 0 
days. In the titrations recorded -in table 4 and in this one, a number 
of mice did not die until the 2nd or 3rd day, and one mouse showed 
nervous plienomena not previously seen in titrating Type B toxin and 
antitoxin. In a further series of tests ])ut up to determine the rise 
in antitoxin content of the blood of goats immunized with Types B 
and C toxoids, these nervous phenomena and late deaths were again 
encountered. It was at this stage that the writer consulted (by letter) 
Major T. Balling, who was engaged upon the toxins produced by the 
original Type B culture and the 1930 ” subculture of it. He (T.I).) 
suggested that the BP strain was the same as the original Type B 
culture and that the inability of the Type B antitoxin to neutralize 
a larg(* test dose was due to the fact that it contained lio epsilon anti- 
body and the toxin did contain a small amount of the epsilon fraction. 
This point and the relationship of the toxins of BP, Types B, C and 
D produced from young (18 hours) and old (5 days) cultures was next 
investigated. 

As noted, 0*1 c.c. (100 M.L.B.) of BP 1 toxin was not 
neutralized by as much as 0*5 c.c. of two 1930 ’’ Type B antitoxins 
and one Type C antitoxin, but 0*01 c.c. was neutralized by quite 
small amounts. This indicated definitely that, in the BP 1 toxin, 
there were at least two toxic fractions, one neutralizable by Type B, 
1930 antitoxin and another, quantitatively in less amount, not 
neutralizable by this antitoxin. When a test dose of 0*01 c.c. was 
employed, this fraidion was diluted below one fatal dose and thus was 
unable to indicate its presenc*e. 

The experiments, summarised in table 6, show that, although 
Type B; 1930 antitoxin was incapable of neutralizing 0*1 c.c. of 
BP 1 toxin and 0*1 of BP 5 and Type B 1 and 5 antitoxins did not 
neutralize M.L.B. of this toxin, a mixture of Type B, 1930 anti- 
toxin and one of the three mentioned antitoxins did neutralize 0*1 c.c. 
of BP 1 toxin. (BP 5 and Type B 1 and 5 means that the antitoxins 
were produced by means of filtrates of 1 or 5 day (uiltures.) 

' The results presented in table 5 confirm the view earlier expressed, 
that BP produces an epsilon and a beta toxic fraction. Further, it 
is shown that the antitoxins produced with the 5 day BP toxin and 
the I and the 5 day Type B toxins contained so little of the anti- 
Type B (beta) fraction that 0*1 c.c. was unable to neutralize 1 M.L.B. 
of Type B, 1930 toxin. However, that Type B can produce, under 
suitable conditions, some beta toxin will be discussed in an addendum. 
Further, results, to be recorded later, show that BP 1 antitoxin 
Treutralizes Type B toxin (not neutralizable by Type B, 1930 anti- 
toxin). * ... 
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Table 5. 

Titration of BPl Toorin against Antitoxins^ 


Toxin (cc). 

Antitoxin (co). 

Result. 

BP 1. 

Type B. 
1930. 

BP 6. 

Type D. 1. 

Type D. 5. 

01 

01 

— 

— 

— 

4- 36 h. 

0 0016 


— 

— 

0-1 

4- o/n 

0-0016 

— 


0-1 

— 

- it. 

0-0016 

— 

0-1 

— 

— 

4' o/n 

01 

0*1 

01 

— 

— 

■EDI 

01 

01 

0-16 

— 

— 

4^ 3d /4d. 

01 

01 

0-17 

— 

— 

/ 4d. 

01 

01 

0 2 

— 

— 

/ 4d. 

01 


: — 


— 

4-4- Id. 

01 

01 


0 025 

— 

// 4d. 

01 

0-1 

1 — 

— 

0-017 

4- o/n -4 2d. 

01 

01 

— 

— 

0-02 

// 4d. 

Type B. 1930. 

0 0006(1M.L.D.) 


O l-T* 

0-14- 

0-14- 


TypeC. 

0-0006 (1M.L.D.) 


0-14^ 

0-1^ 

0-14- 



= died ; / = lived ; h. = hour(s) ; d. = day(B).] 

In table 6, the results of titrating a large (O’l c.c.) and a small 
(0*01 c.c.) test dose of BP 1 toxin against BP 1 antitoxin are recorded. 


Table 6. 


BP 1 Toxin f Large and Small T»D. versus BP 1 Antitoxin. 


Toxin (oo). 

Antitoxin (oo). 

Toxin (oo). 

Antitoxin (oo). 

0-01 

0-01 4-4- o/n, 4- 2, t. 



0-01 

0-012 4- o/n, -4-2, 



0-01 

0-016 4- 4- -4- o/n, t. 


0-16 4-4-4- o/n 

0 01 * 

0-017 4- 2, 4- 4, 


0 -17 4^ o/n, 4- 4d. 

0-01 

0-02 /// 4. 

0-1 

0-2 /// 

1 


(-f- 2 4- 4 « died 2, 4 days ; U showed nervous ** turning ^ symptoms } / «= lived.) 
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The results given in table 6 show that the law of multiple pro- 
portions is satisfied when BP 1 toxin and antitoxin are titrated 
together. 

In table 7 the amounts of antitoxin necessary to neutralize a test 
dose of BP 1, Type B, 1930 and Type C toxins are given. 

A consideration of the ratios given below table 7 would indicate 
that the three toxins were detecting the same antitoxins. Some, 
somewhat minor, discrepancies occur, but the small number of 
different toxins and antitoxins used does not warrant the statement 
that they are of real significance. 


Table 7. 

Amovnts of Antitojciu neresnary to Nevtralizr various Toxins 
by the iri\ Route. 


Antitoxin (cc). 


Toxin (oc). 

Tyi)e B, 
11(30 (SC). 

Type B, 
11(30 (1789); 

TypeC 

(pal.). 

BP 1. 

BPl, 0 01 

0 0017 

i 

0 001 

0 0008 

0 02 

Type B, 1930, 0 005 

0 003 

1 

0 0009 

1 

0 001 

0 017 

1 

Type C, pal, 0 005 

0 002 

0 0006 

0 0006 

0 01 

BP 1 

-m t 

Ratios. 

(ij) n (1) n 

(25) 2 

Type B, 1930 

(3) n 

- H 

(1) 1.^ 

•(17) 1,V 

Type C, pal.. 

•{3i) 1 

(1) 1 

(1) 1 

■ (16.1) 1 


t 

f 

f 

f 


Titrations by the Intradermic Method in Guinea Pigs, 

The minimum reacting doses of the three toxins were as follows : 
BP 1, 0 001-0 0015 C.C.; TypeB, 1930, 0 0005-0 001 c.c. ; Type C, 
pal,^ 0* 0006-0 *001 c.c. In table 8 are recorded the amounts of anti- 
toxin necessary to neutralize test doses of the toxins. Table 9 com- 
pares the amount of antitoxin required to produce neutralization 
intradermally and intravenously. The i.d. figures are calculated 
from those in table 8 and the i.v. figures are those of table 7. 
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Table 8. 

Amounts of Antitoxins required to Neutralize Toxins by the 

7.rf. Route. 

Antitoxin (cc). 


Toxin (cc)* 

Type B. 
1930 (SC). 

Type B, 
1030 (1789). 

Type C 
(pal.). 

BP U 

BPl, 0 01 

0 012 

0 0036 

0 0026 

0 046 

TypeB, 1930,0 026 

0 01 

0 0026 

0 002 

0 03 

Type C, pal., 0 026 

0 006 

0 0016 

0 0012 

0 0175 

BP 1 

-^(5) 2 

Ratios. 

-^(l.U2i -^(1)2 

-^(18) 2^ 

Type B, 1930 

-(5) 1^ 

^(H) 1,^ 

- (1) In 

^(15) 15 

Type C, pal.. 

-^(5) 1 

- (li) 1 

-(1) 1 

^m) 1 


f t f t 


(The figures under antitoxin represent the amounts of antitoxin 
required to neutralize the test doses of toxin.) 


Table 9. 


Comparison of the Neutral P^ints^ obtained by i.v. and i.d. 

Titration. 

Toxin (cc). 


Antitoxin (cc). 

BP r. 

! 

TypeB, 

1930. 

Type C, 
pal. 

Type B, 1930 (SC) i.v. 

i.d. 

i 

0 0017 

0 0012 

0 003 

-0002 j 

0 002 

0 0012 

Type B, 1930 (1789) i.v. 

i.d. 

0 001 

0 00036 

0 0009 

0 0006 

0 0006 

0 0003 

Type C, (pal .) i.v. 

i.d. 

0 0008 

0 00026 . 

0 001 
0*0004 ‘ 

0 0006 

0 0002 

BP 1 : i,v. 

i.d. ' 

0 02’ 

0 0046 

0 017 

0 006 

0*01 

0*0036 
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The results given in table 8 show that, by the intradermic method, 
apparent neutralization of a large test dose (0 1 c.c.) of BP 1 toxin 
is produced by Type B, 1930 and Type C antitoxins. Further, tests 
proved that the law of multiple proportions was satisfied when the 
test dose w’as raised to 0*2 c.c. or reduced to 0 01 c.c. As 0*025 c.c. 
of BP 1 toxin plus 0*1 c.c. of Type B, 1930 antitoxin was lethal for 
mice, it is obvious that 0*1 c.c. of the toxin plus the 1930 variety 
of Type B antitoxin would contain 4 M.L.l) of free toxin which, 
from the evidence presented, is epsilon toxin. A comparison was 
made of the M.L.D. and M.ll.D. of three toxins, not neutralizable 
by Type B, 1930 antitoxin and the antitoxins of which did not 
neutralize Type B, 1930 toxin, viz., the toxins of BP 5, and Type D, 
1 and 5. 

These were as follows : — 


Toxin, 



BP 6. 

1 

Tyi)e D, 1. 

Type D, 5. 

M.L.1) 

. . . cc 

0 0015- 

0 003 

0 0003- 



1 0 002 


0 0005 

M.R.D 

. . . cc 

1 0 003 

0 015- 

0 0005- 



1 

0 02 

0 0007 


It is seen that the M.L.D. and M.R.D. of the two 5-day toxins do 
not differ greatly, but in the case of the 1-day Type 1) toxin the 
difference is between five and seven times. There is the possibility 
that such a difference holds good for the epsilon fraction of BP 1 
toxin. This view is supported by the fact that when a test dose of 
0*2 c.c. of BP 1 toxin is titrated, intradermally, against Type B, 
1930 antitoxin, neutral ’’ or “ overneutralized ’’ mixtures produce 
a x^ale white area on the skin, not seen when the antiserum contains 
some of the anti-ejisilon fraction. These reactions ’’ simulate those 
produced by small amounts of Type D toxin, although paler and less 
marked and would have been recorded as negative unless the skin 
were closely examined and the point in question w^ere unknown. 

Tables 7, 8 and 9 show that i1 required absolutely less antitoxin 
to produce '‘neutralization’’ i.d. than i.v. ; therefore, one may 
assume the presence in each toxin of a fraction, having a lethal but 
not a necrotic effect. That it is not epsilon is proved by the fact that 
neither Type B, 1930, nor Type 0 toxins contain this fraction. The 
gamma toxin of Glenny et al, answers very well. They found that, 
with certain sera, as much as ten times more was required to produce 
neutralization i.v, and i.d. Until evidence to the contrary is pro- 
duced, it will be assumed that the difference in the i.d. and i.v. 
titrations is due to the presence of this gamma toxin. 

The ratios given under table 8 show that, by the i.d. route, 
almost complete agreement was obtained in the titration of the toxins 
and antitoxins. 
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It need only be mentioned, with regard to the neutralizing power 
of BP 5, and Type D, 1 and 5 antitoxins against BP 1, Type B 1930 
and Type 0 toxins, that 01 c.c. of none was able to neutralize one 
M.E.D. of any of the three toxins, thus confirming the i.v. results of 
table 6. 

Before proceeding to present the results of the titration of a 
5-day BP toxin, those obtained with a 5-day Type B toxin will be 
given. 


The “ 5-day Type B Toxin. 

A. Type B 1930 Variety and Type C. 

The 5-day toxins produced by these two strains differed from 
those of one day’s incubation only in being weaker, i.e. instead of 
the M.L.D, being in the region of 0*001 c.c., it was between 0*01 and 
0*1 c.c. From 1-10 lethal doses were neutralized by Type B 1930, 
Type C and BP 1 antitoxins and not by 0*1 c.c. of BP 5 or Type D, 
1 and 5 antitoxins. 

B. Type By Original Variety. 

The culture originated from one of a series of tubes, sealed-off by 
Balling about 1923 and had not, as had the “ 1930 ” variety, been 
subjected to a series of subcultures. A dry toxin was prepared from 
a meat broth culture, incubated for five days. 

Tests showed that 0*1 c.c. of neither Type B, 1930 nor Type C 
antitoxins were able to neutralize one M.L.D. (0 005 c.c.) or one 
M.R.D. (0* 06-0 *07 c.c.) of the toxin. However, that the brews of 
toxin used to produce the Type B, “ original ” antitoxin did contain 
some beta toxin is shown from the results in table 10. 

Table 10. 

Amount of Type B, Orig. 5 Antitoxin required, for Neutralization. 


Antitoxin (c.c.). 


Toxin (ec). 

Titration i.v. 

Titration i.d. 

Type B, 1930 

0*1 

0*026 

0*01 

Type C, pal 

0*1 

0*016 

0 008 

BP 1 

0*1 

>0*1 ^ 

0004** 

BP 1 

0*01 

0*0006 



♦♦ The reaction produced by 0*1 c.c. of BP 1 toxin plus 0 003 c.c. of Type B, original 
5 antitoxin was intense, being that obtained with beta toxin ; with 0*004 — 0*006 c.o, of 
antitoxin, small, white areas were formed, like those previously discussed. 


In table 11, the results of titrating various antitoxins against 
Tyl>e B, original 5 toxin are given, and in table 12, tho titrating of 
Type B, original 5 antitoxin against different toxins is recorded, 
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Table 11. 

Amounts of Viff event Antitoivins required for ttie Neutralisation 
of Type B, ovig, 5 Toxin. 


Toxin (cc). 

Type B, orig. 5. 

Antitoxin (cc). 

i.v. 0 01 

T.D. i.d. 0 1 

Type B, orig. 5. 
01 

0-01 

i.v. 0 02 

T.D. i.d. 0 1 

BP 1. 

0 06 

0.04-0 -05 

i.v. 0 025 

T.D. i.d. 0 1 

BP 5. 

0-05 

0-02 

i.v. 0 05 

Type D, 1. 
0-02 

0-025 

T.D. i.d. 0 1 

i.v. 01 

T.D. i.d. 0 1 

Type J). 5. 

0 03 

0-004 

i.v. 1 M.L.D 

T.D. i.d. 1 M.H.D 

Type A, 1. 
>01 
>0-1 


Type B, orig. 5 toxin — M.L.D. —O 005 c.c. 

M.R.T). -0 06-0 07 e.c. 
(T.D.— test dose.) 


Tables 10, 11 and 12 bring* out several interesting pointvS. Type 
B, original 5 antitoxin has a relatively high anti-beta and a low anti- 
epsilon value — 0 025 o.c, and 0 015 c.e. neutralize 01 c.c. of Type 
B, 1930 and Type C toxins respectively, whereas 0*1 c.c. is required 
to neutralize 1 to 5 M.L.l). of Type D toxin. (It should be noted that 
the 5-day Type B, original antitoxin was produced by injecting 
several different brews of 5-day toxin into a goat.) On the other 
hand, the toxin consists chiefly of the epsilon fraction — 0*1 c.c, of 
neither Type B, 1930 nor Type C antitoxins was able to neutralize 
1 M.L.D. , whereas 0*02-0*03 c.c. of Type D, 1 and 5 antitoxins 
neutralized 10-20 M.L.D. This is strong evidence that beta toxin was 
minimal in amount in Type B, original 5 toxin, since 0*1 c.c. of 
neither Type D, 1 nor 5 antitoxins neutralized 1 M.L.D. of Tjrpe B 
1930 toxin (table 5). Little comment can be made on the intra- 
dermic titration of Type B, original 5 toxin against the various 
antitoxins because of the small number of reacting doses in the test 
dose (slightly more than 1 M.R.D.). It will be noticed that the 
M.R.D. IS about 12-14 times greater than the M.L.D. However, with 
BP 5 and Type D, 6 toxins, the i.d, test doses of which contained 
4 and 12 M.R.D. respectively, much less Type B, original 5 anti- 
toxin was required to neutralize i.d. than i.v. 
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Table 12. 

Amount* Typo B, Orig, 6 AT, required to Neutralize various 

Toxins. 



Toxin, (cc). 

Antitoxin, (cc). 
Type B, orig. 6. 

i.v. 

BP 1. 

0 01 

0-006 

T.D. i.d. 

0 1 

0-004 

i.v. 

BP 6. 

0-01 

0-01 -0-026 

T.D. i:d. 

0-01 

0-003 -0 -004 

i.v. 

Type D, 1. 

1 M.L.D 

0-1-0-2 

T.D. i.d. 

N.D 


i.v. 

Type D, 6. 

0 0016 

0-1 

T.D. i.d. 

0-006 

0-04 

i.v. 

Type A, 1. 

0-06 

0-02 

T.D. i.d. 

0 06 

0-02 


(T.D.— test dose ; N.D.— not done.) 


The M.L.D. and M.R.D. of the above toxins were as follows:- 


BP 1 

BP 5 

Type D, 1 

Type D, 6 

Type A, 1 


M.L.D. cc. 


0-001 

0 001«-0 002 
0 003 

0 0003-0 0004 
0-006-0 01 


M.R.D. cc. 


0-001 

0-0026-0-003 
0 016-0 02 
0-0007 
0-006-0 -01 


One further point requires explanation — 0- 01-0 *025 o.c. of Type 
B, original 5 antitoxin was required to neutralize 0 01 c.c. (5-6 
M.L.D.) of BP 5 toxini 0*1 c.c. for 0*003 c.c. (1 M.L.D.) of Type D, 
1 toxin and 01 c.c, for 0*0015 c.c. (12-15 M.L.D.) of Type D, 5 
toxin. It has already been shown (table 5) that the antitoxins of 
these toxins contain no demonstrable anti-beta fraction and it will 
later be shown that they cross-immunize amongst themselves; there- 
fore, it may be safely assumed that the bulk of their toxic make- 
up ’’ is the epsilon fraction. It appeared strange that from 0*01- 
0*025 q.c., of Type B, original 5 antitoxin should be capable of 
neutralizing 5-6 M.L.D, of one toxin (BP 6), whereas 0*1 c.c. just 
neutralized 1 M.L.D. of another (Type D, 1) and 0*1 c.c. 12-15 
M.L.D, of a .third (Type D, 6). The reason becomes clear if the 
titration of these toxins a^raiBst Type D, 5 antitoxin is given (table 
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It is obvious from table 13 that Type D, 1 toxin contains a large 
amount of toxoid, inasmuch a^s it requires 35 times more antitoxin 
(Type n, 5) to neutralize 1 M.L.D. of its toxin than that of BP 5. 
In the same way, much more Type B, original 5 antitoxin sliould be 
required to produce neutrality; this is borne out when the cahmlation 
is made. 

Table 13. 

Amount of Type /I, 5 Antlfo.vln and Type 2?, Oriy, 5 Antifo.vins 
required to N eutmlize vanom Tomins. 


Antitoxin rr. 


Toxin CO. 

Type 1), 5. 

Type B, orig. 5. 


T.D. 

(in MLJJ.) 

Per T.l). 

Per MLD. 

Ratio. 

Per MLl). 

Ratio. 

BP 5 

50-60 

0 009 

0 00018 

1 

0 0016-4 

1 

Type I)» 5 

iO-15 

0 02 

0 0013-15 

5-6 

0 006-8 

3 (ab) 

Type I), 1 

7 

0 045 

0 0064 

35 

0 1-0-2 

25-60 


[T.J). — test dose ; (ab) —about.] 


The h^Day Toxin of BP and the 1- and^ the b-Day Toxina of Type D, 
The antitoxins of BP 5 and Type II, 1 and 5 did not neutralize 
1 M.Ji.D. or 1 M.R.l). of Type B, 1930 or Type C toxins nor did the 
antitoxins of the last two neutralize the toxins of the first three. 
This shows that the beta fraction was absent in the first three and 
the epsilon in the last tw'o. 

Table 14. 

Intravenous Titration of Various Toxins and Antitoxins, 


Toxin cc. 

Antitoxin co. 

M.L.D. 

of 

Toxin. 

BP 1. 

BP 5. 

TB. orig. 6. 

Type D 1. 

Type 1) 5. 

BPl T.D. 

0-1 

0 2 

IMLD 
>0 1 

0-01 

0-006 

1 MLD 
>0-1 

1 MLD 
>0 1 

0-001-15 

BP 5 T.D. 

01 

004 

0-1 

0 017 

0 01 

0 01-25 

0-1 

0-0046 

1 

0-1 

0-009 

0-0016-2 

Type B, orig. 5. T.D. 

0-02 

0 04-5 

0 025 

0 05 

0-01 

0-1 

0 06 

0 02 

0 1 

0-035 

0-006 

TypeD, 1 T.D. 

0 006 
01 

0-007 

01 

0-003 

0 1-0-2 

0-01 

0-025 

0-025 

0-046 

0-003 

Type D, 6 T.D. 

0-001 

0-04-6 

0-0026 

0-08 

0 0016 

0-1 

0-005 

0 02-25 

0-005 

0-017 

0-0003-4 


(TB orig, 6 ~ Typo B, original 6.) 

(The figure' opposite T.D,. w the test dose used. The figure 
immediately below it is the amount of antitoxin required to neutralize 
it.) 
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Tables 14 and 15 record the amounts of the various antitoxins 
required to neutralize test doses of the various toxins, by i.v. and i.d. 
titration. 

Ratios, 

The ratios were arrived at by calculating, from table 14, the 
amount of antitoxin necessary to neutralize the same test dose of toxin 
for each toxin. BP 1 toxin is not included because, as has previously 
been shown, it is made up chiefly of beta toxin and therefore not 
neutralizable by Type B, original 5, or Type D, 1 and 5 antitoxins. 



Antitoxin. 

Toxin. 

1 

BP 1. 1 

BP 5. 

TB. orig. 5. 

Type D 1. 

Type D 6. 

BP 5 

9 


22-66 

1 

2 

Typo B, orig. 6 

Type D, 1 

6-6 

5 

25 

1 

t 

8 

6?; 

13-26 

1 


Type D, 6 

10 

8' 

16 

1 

t 


All five antitoxins are placed in the same order of potency what- 
ever toxin is used for their titration, with the exception that Type D, 
6 antitoxin is a little more than twice as weak when tested against 
BP 5 toxin as when tested against the other toxins. Other, somewhat 
minor, disagreements occur — BP 1 antitoxin is stronger by one half 
to double when titrated against Type B, original 5 toxin than against 
the other toxins; BP 5 antitoxin is weaker and Type B, original 5 
antitoxin is stronger when Type D, 5 toxin is used than is the case 
with the other toxins. The writer does not feel justified in attempting 
to offer explanations for differences that may, in large measure, 
depend upon the avidity of the antitoxins, upon the error of the 
method of testing or upon factors at present unknown. The definite 
possibility exists that further research will reveal the presence, in 
D type filtrates, of toxic fractions, other than the epsilon. 

Intradermic Titrations , — It must be emphasized, in connection 
with the i.d. titrations, that much greater difficulty was experienced 
in obtaining the same results on repeat tests than was the case with the 
i.v. titrations. In fact, the results noted for Type D, 1 and Type B, 
original 5 toxins are merely approximations. A probable reason for 
this is the small number of reacting doses per test dose. Even allow- 
ing for the inaccuracy of the i.d. test, it is noticeable that, in every 
instance, less antitoxin was required to produce neutrality i.d. 
than i.v. Along with this it should be noted that the M.L.D. of each 
toxin was smaller (by as much as 12-15 times in the case of Type B, 
original 5) than the M.R.D. These facts point to the presence, in 
these toxins, of a toxic fraction which is lethal on i.v. injection but 
which does not produce a skin lesion on i.d. inoculation. The relation- 
ship of this to Glenny^s gamma toxin has not been fully worked out, 
but it can be said that it takes the same amount of an epsilon anti- 
serum to produce neutrali^tion (i*v. and i.d.) of an epsilon-contain- 
ing toxin whether Type 1930 antitoxin is added to the mixture or 
not. 
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Table 15. 

Introdermic Titration of Various Toxins and Antitoxins, 


Toxin cc. 

Antitoxin cc. 

M.R.D. 

of 

Toxin, 

BP 1. 

BP .5. 

TB. orig. 5. 

Type D 1. 

Type D 5. 

BPl T.D. 

01 

0 045 

1 MRD 
>01 

01 

0 004 

1 MRD 
>0-1 

1 MRD 
>01 

0 001 

BPS T.D. 

01 

0 02 

0 1 

0 01 

001 

0 003 

01 

0 0025 

01 

0 0025 

0 0025-3 

Ty|ie B. orig. 6. T.D. 

0 1 

0 04 

01 

0 02 

0 1 

001 

01 

0 025 

01 

0 004 

0 06-7 

Type D, 1 T.D. 

? 

0 05 

0 01 

? 

01 

0 005 ? 

0 05 

0 001 ? 

0 016-2 

i 

Type D, 6 T.D. 

0 0025 

0 015-2 

0 005 

0 012 

0 005 

0 03 

0 01 

0 017 

0 01 

0 015-2 

0 0007 


(The fifjure opposite T.D. is the test dose used, the figure imme- 
diately l)elow it is the amount of antitoxin required to neutralize it.) 

Ratios, 


BP 5 

8 

4 

12 

Type B. orig. 5 

\\ 

y 


TypeD, 1 

9 

4 


Type D, 5 

4 

li 

3J 


(The ratios were calculated from table 15 in the same way avS 
noted for the ratios under table 14.) 

The ratios given under table 15 show no correlation whatever. 
Disregarding’ the figures for Type B, original 5 and Type IJ, 1 toxins, 
by the use of which (jonsistent results could not be got, and consider- 
ing only those for BB 5 and Type I), 5 toxins, it is clear that the 
value to be assigned to the antitoxins varied greatly depending upon 
the toxin used for the test. One is hesitant in suggesting the presence 
of still another toxin to explain this discrepancy, but the existence 
in the toxic filtrates of two fractions and of their antibodies in the 
antisera, all in different proportions, would meet the facts. 

It comes out clearly from the foregoing experiments that the 
intradermic method is a most unsuitable one for the titration of the 
toxins or antitoxins of the D type. 
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THE TOXIN OF << CL. WELCHII ”, TYPE A, AND ITS 
RELATION TO THE TOXINS OF ” BLOEDPENS ”, AND 
”CL. WELCHII ”, TYPES B, C AND D. 

It has previously been recorded [Mason, Ross and Balling (1931), 
Mason (1933)], that as much as O J-0-5 c.c. of potent Type A anti- 
toxin will not neutralize .1 M.L.D. or 1 M.R.D. of either Type B 
or Type C toxin, whereas Types B and C antitoxins neutralize Type A 
toxin. Further, Glenny et al. (1933) have shown that the anti-alpha 
titfe of a serum bears no relation to its anti-beta titre. Bearing this 
in mind, no attempt was made to titrate accurately the anti-alpha 
content of the various anti-toxins — whether or not they did contain 
alpha antitoxin was investigated. 

The results may be briefly recorded as follows : Two potent 
Type A antitoxins (one made in a goat at Onderstepoort, and the other 
(G.G. 2748) in a horse at the Wellcome Laboratories) were unable, in 
a dose of 01 c.c. -0*2 c.c. to neutralize 1 M.L.D. or 1 M.R.D. of 
Type BT930, Type C, Type B, original 5, BP 1, BP 5, Type D 1 and 
6 toxins. On the other hand, from 0* 01-0*02 c.c. of the antitoxins 
of these toxins neutralized from 5-15 M.L.D. of a Type A toxin. 

Haemolysis. 

It is well-known that CL welchii produces a haemolysin, and 
Glenny et al. (1933) recorded experiments dealing with that of Types 
B and C. 

Table 16 summarises the results obtained in the titration of a 
number of toxins and antitoxins for haemolytic and anti-haemolytic 
power respectively. 

Little comment need be passed on the data in Table 16. From 
the ratios, one may conclude that the haemolysins, contained in the 
various toxins, are serologically identical. Glenny et al. (1933) 
reported that, in certain Type C ^filtrates, a haemolysin was present 
which was not neutralizable by antibody contained in either Types A 
or B antisera. The Type C toxin used for the above test either did not 
contain it or if so, in undemonstrable amounts. However, it is 
realised, that many filtrates, produced under various conditions might 
have to be prepared before such a haemolysin could be demonstrated. 


ADDENDUM 1. 

Balling (1932) made brief reference to work done by himself and 
the writer on CL welchii, Type D {B. ovitomcus, Bennetts). As this 
work has a strong bearing on what has just preceded, it will not be 
out of place to record the experiments in somewhat greater detail. 

The germ was received from Dr. Bennetts in a sealed-off tube of 
meat broth, and was labelled “ B.L.D. bacillus strain R2 15.8.30 
The meat was very fragmented and of a brown pink colour. No 
disagreeable odour was noticed on opening the tube and Gram-stained 
smears revealed bacilli of the CL welchiiAype. Attempts by 
standard methods to demonstrate more than one germ in the culture 
failed. 
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Table 16. 

Amount of Antihaeinolysin required to eutraltze different Haemolysins, 


J« H. MASON 



(M.H.D. = minimal haemolytic dose ; T.D. ^ test dose ; N.D. = not done ; T.A. -- type A ; T.B. = type B, etc.) 



BLOBDPENS STRAIN OF “ CL. WELCHII TYPE B, WILSDON. 

The morphological and cultural characteristics were those of 
Cl, welchii, Type A. Glycerine was fermented, Loeffler^s serum 
medium partially liquefied, alkaline egg clotted, and solid serum 
softened but not liquefied. 

Simple Animal Test, — The intramuscular injection of 1*0 c.c, of 
a 24 hours meat broth culture into a guinea pig killed it within 
48 hours. The autopsy revealed a pale gelatinous oedema of the 
subcutaneous tissue, with little or no reddening and reminding one 
of the picture produced by Cl, oedematiens. The small intestines and 
the adrenals were very congested. A similar post-mortem finding has 
been obtained in sheep at Onderstepoort. 

The Toain, — A dry (ammon. sulph. precipitate) toxin was pre- 
pared from a meat broth culture, incubated at 37® C. for 12 hours. 

In the tests to be noted, the mice were observed for only 24 hours 
after the intravenous injection of the toxin-antitoxin mixtures. It 
was not known, at that time, that epsilon toxin could produce death 
as long as 5-7 days after injection. Still, it is felt that the results do 
prove that the Type 1) antitoxin contained some of the anti-beta 
fraction and that the Type B antitoxin contained some anti-epsilon. 
This statement is based upon the fact that the test dose of Type D 
used (0*1 c.c., 10 M.L.D.) must have consisted, in a preponderating 
measure, of the epsilon fraction and would certainly have killed a 
mouse within 24 hours; in the same way, the Type B test dose 
consisted chiefly of the beta fraction, and contained sufficient M.T^.I). 
(5) to kill a mouse in a few hours. In table 17, cross- 
neutralization tests between the toxins and antitoxins of Types B and 
D are recorded. The Type B antitoxin was prepared in a horse by 
the injection of formol -toxoids and toxins made from cultures, 
incubated for 18 hours; the Type I) antitoxin was made in a rabbit, 
by injecting into it the formoMoxoid prepared from a 12 hours’ 
culture. 


Table 17. 

Cross-neutralization Tests hetween the Toxins and Antitoxins of 

Types B and D, 


Toxin. 

Antitoxij? (co.) 


1 

M.L.D. (oc) 


Type B (12479). 

Type D. 

TypeB 

0 001 

Test dose of toxin 
med (oc)=- .... 

Te^t dose of toxin 
UHed (cc)=ss:. . . . 

(01) 

0 003 

(0-005) 

0 08 

Ty|>e I) ’ . . . 

0 01 

(01) 

0 016 

(0-05) 

0-08 


(The non-bracketed figures under antitoxin = c.c, required to neu- 
tralize the test doses. The bracketed figures =;: test doses used.) 
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From the results given in table 17, the following may be 
deduced ; — 

(1) The Type B antitoxin was produced at a time when the 
Type B bacillus was still capable of forming the epsilon 
toxic fraction. 

(2) The toxic filtrate of a 12 hours’ Type D culture contained 
sufficient beta toxin to stimulate the formation of the anti- 
beta fraction, 

(3) The antitoxin detected in both sera by Type B toxin was 
the anti-beta portion and by Type D toxin, the anti -epsilon 
portion. 

(4) Although the Type B toxin used in the above titration may 
have coniainecl some epsilon toxin and the Type D toxin 
some beta toxin, such a deduction cannot be made from 
the data. 

The following antitoxins, in amounts of 0*2 c.c. did not neutralize 
2 M.L.T). of Type D toxin — Cl welrhii, Type A (2853), CL septicuin 
(2997), CL oedcmaticnH (2744), CL sordellii, (>L hotvlinuni (A plus B) 
and CL Jiistolyticurn. On the other hand, 0 05 c.c. of Type I) anti- 
toxin neutralized 7 M.L.D. of a Type A toxin. 

The haemolysins of CL welchU, Types A, B and T) proved to be 
identical serologically. 


Ckoss-immxtnity Tests between Types B and J ) in Guinea Pigs. 

The formol-ioxoids, used to produce the immunity, were made 
from toxic filtrates of meat broth cultures incubated for 16 hours. 

Experiment 1 : Type D formoLtoxoid, 

13.12.30. — Guinea pigs received 2*0 c.c. of toxoid s.c. 

29.12.30. — Guinea pigs received 2*0 c.c. of toxoid s.c. 

13. 1.31. — Test: 3 Guinea pigs received 1 M.L.D. Type B toxin 
i.v. — all died. 

2*0 c.c. of toxoid injected into the remaining guinea 
pigs. 

20. 1.31. — Test : 2 Guinea pigs received 1 M.L.D. Type B toxin 
i.v. — both died. 

Experiment 2: A different batch of Type D Toxoid vsed. 

20.1.31. — Guinea pigs received 2*0 c.c. of toxoid s.c. 

2.2.31. — Guinea pigs received 2*0 c.c. of toxoid s.c. 

10.2.31. — Guinea pigs received 2*0 c.c. of toxoid s.c. 

16.2.31. — Guinea pigs received 2*0 c.c. of toxoid s.c. 

23.2.31. — 
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Number of M,L.D, of Toxin Tolerated by the Animals 


ap. 

Type B 

Toxin. 

G.P. 

Type D 

Toxin. 

1 

at least I 

7 

1-3 

2 

at least 1 

8 

at least 1 

3 

at least 1 

9..; 1 

at least 1 

4 

1-3 

10 

at least 1 

5 

1-3 



6 

1-3 




The results just given show that it is not easy to immunize guinea 
pigs against Type B toxin when the immunizing agent is Type D 
toxoid. However, the rather meagre results do not indicate that Type 
D toxoid conferred a high degree of immunity against the homologous 
toxin. 


Experiment 3 : Type B formoUtoxoid, 

A number of guinea pigs were immunized with Type B formol- 
toxoid (2 s.c, injections of 2*0 c.c., 14 days’ interval). When tested 
with Type B toxin, 10 days after the second inoculation, some with- 
stood 32 M.L.D. These were put aside and, one week later, again 
received 2*0 c.c. of toxoid. Seven days later, 2 guinea pigs received 
1 M.L.D. of Type D toxin, by i.v. injection — both died. In view 
of this result, two further injections of 3*0 and 4*0 c.c. were given at 
a week’s interval to the four remaining animals. When tested with 
1 M.L.D. , i.v., one w^eek after the last injection, all died. 

One may conclude from this experiment that the Type B toxoid 
used contained none of the epsilon fraction, or contained it in such 
small amount that insufficient was present to stimulate the formation 
of antibodies. • 

The conclusion to be drawm from the woik reported in this 
addendum is as follows: — 

(1) The Type B toxin used to produce Type B antitoxin 12479 
contained a considerable amount of epsilon toxin (0*015 
c.c. neutralized 10 M.L.D. of Type I) toxin). 

(2) At some time Jirior to the end of 1930, th6 Type B bacillus 
lost the power of forming this toxic fraction (or to form 
it in anything but minimal amounts), because guinea pigs, 
highly immune to Type B, did not withstand 1 M.L.D. of 
TypeD. 

(3) Under certain conditions, at present unknown. Type D 
bacilli are capable of producing the beta toxic fraction. 
Experiment 2 proves this. 

ADDENDUM 2. 

On reviewing, in 1936, the work just reported in addendum J, 
the writer was struck by the fact that the Type D toxin which 
stimulated the formation of beta antitoxin in a rabbit, wag prepared 
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from a twelve hours’ culture. Knowing that the beta toxic fraction 
is produced early and the epsilon fraction late, in Type B cultures, the 
possibility existed that very young Type D filtrates might contain 
sufficient beta toxin to bring about the formation of the antitoxin. 
On this assumption, goats were immunized with the filtrates of two, 
four and eight hour cultures. Each animal received 1,500 c.c. of 
toxin in seven weeks, was then bled and the anti-beta content of its 
serum ascertained. 

The two hour filtrate was relatively non-toxic (M.L.D. mouse i.v. 
— 0*1 c.c.); the four and the eight hour filtrates killed mice in 0*01 
c.c. (not tested lower). Type B antitoxin (1980 variety) did not, in a 
dose of 01 c.c. reduce the amount of Type I) antitoxin necessary to 
neutralize any of the three filtrates. 

Not one of Uie three antitoxins prepared with the Type D filtrates, 
was able, in an amount of 0*2 c.c. to neutralize 1 M.L.I). of Type B, 
1980 toxin. The two hour filtrate antitoxin (0*1 c.c.) did not 
neutralize 1 M.L.D. of Type D toxin, 0*1 c.c. of the eight hour 
serum neutralized 2 M.L.D. and 0*025 c.c. of the four hour antitoxin 
neutralized 10 M.L.D. 

The writer has had no opportunity of checking up the resulis 
noted in addendum 1, but he has no reason to believe that any mistake 
was made. Thet*efore, it would appear that the toxin-producing 
power of Cl. welchii, Type D, has undergone a c‘hange, inasmuch as 
it has lost the power to form beta toxin. 


DISCUSSION. 

The work detailed in this paper has confirmed many of the 
findings already reported in the literature. The bloedpens 
bacillus, a germ responsible for lamb dysentery (bloedpens) in South 
Africa appears to be identical serologically with Ch welchii, Type B 
(the lamb dysentery bacillus ”) as originally isolated by Gaiger and 
Dalling. It produces two main toxins; young (18 hours) filtrates 
consist chiefly of Glenny’s beta toxin and old (5 days) filtrates of 
epsilon toxin. Both young and old filtrates contain alpha toxin, and 
there was evidence that the former contained gamma toxin. 

Toxic filtrates of CL ivelchii, Type B (1930 variety), and of Cl. 
welcMi, Type C {B, paludis), were shown to contain beta toxin as 
their main constihient and alpha as their subsidiary, but w’^ere devoid 
of epsilon. Evidence of the existence of gamma toxin was got but the 
presence of delta in the Type 0 filtrate could neither be demonstrated 
or inferred. 

Filtrates of Cl. wolchii, Type D (B. ovifo.rirvs), both young and 
old, and of old filtrates of the original Type B strain and of the 
bloedpens bacillus conlained as major toxic constituent the epsilon 
fraction, alpha being present as subsidiary fraction. The beta toxin 
was not demonstrated. That gamma was present was possible but was 
not proved. 
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The intradermic method proved to be a most unsatisfactory vi^y 
of titrating toxic filtrates containing, as their chief constituent, the 
epsilon fraction, or of antitoxins consisting mainly of epsilon anti- 
body. With two toxins this could possibly be accounted for by the 
small number of reacting doses per test dose. However, with two other 
toxins, the test doses of which contained a sufficiency of reacting doses, 
the values to be placed upon antitoxins varied greatly, 
depending on the toxin used for the titration. Whether or not this 
has to be accounted for by the existence of two or more serologically 
different fractions in the toxins and of their antibodies in the anti- 
toxins, all in varying proportions, must await the results of future 
research. However, owing to the difficulty, experienced throughout 
all the intradermic work on the titration of toxins and antitoxins con- 
taining the epsilon and the anti-epsilon fraction respectively, of ob- 
taining consistent results, the writer feels that the di8crei)ancies may 
be inherent to the method of the test itself. 

Future work will show whether or not a true Type J) strain can 
producie beta toxin. Tie results given in addendum 1 prove that on 
one occasion it did do so. As, however, this was not confirmed some; 
four years later with a subculture of the same strain, final judgment 
must he withheld until a considerable number of recently isolated 
organisms has been examined for their toxin-producing power. 

Finally,, the possibility exists that Type C should not be placed 
in a separate group. At the present moment, the ‘‘ 1930 variety 
of Type B and the Type C germ cannot be easily differentiated on 
the antigenic make-up ** of their toxins. As Type B, 1930 did, at 
one time, form epsilon toxin, the povssibility exists that Type C may 
also, at one time, have been capable of forming it and has, like 
Type B, lost this power. However, as many workers throughout the 
world are at present engaged on ihe study of the welch group of 
germs or on disease caused by them, it behoves no one to pass a dog- 
fnatic opinion, but rather to await the result of this research. 


CONCLUSIONS. 

(1) The bloedpens strain of CL welchii, Type B (the lamb 
dysentery bacillus ”) has been examined. Its toxin has heen found 
to be serologically identical w’ith that of CL welchii^ Type B, as 
originally described by Hailing. 

(2) The main differences and similarities of the toxins of CL 
welchii, Type A (classical Cl, welchii). Type B, Type C {B, palvdis) 
and Type I) {B. ovitoxicns) have been confirmed. 
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The investigation of the disease, lamb dysentery, followed well- 
established lines — field observation, isolation of the causative germ, 
reproduction of the disease in normal lambs by the administration 
of this germ, and, finally, the prevention of the naturally-occurring 
infection by the use of an antiserum or a prophylactic prepared with 
this microbe. With a toxin-producing germ, as Cl. welchii, Type B, 
one could aim to produce an antiloxic immunity, an antibacterial 
immunity or both. In actual field work, no purposeful attempt was 
ever made to produce an antibacterial immunity in sheep. Doubtless, 
antibacterial bodies were formed, due to the presence, in the material 
injected (toxin-antitoxin mixtures, formol-toxoids and unacultures) 
of autolysed bacteria or of the bacteria, themselves. Whether or not 
their presence played a useful role in the prevention of the disease is 
not known. As Type B is a toxin-producer, every endeavour was 
made to devise methods for the obtaining of high antitoxic immunity. 

In this communication, the following aspects of the production 
of immunity will be discussed. 

1. The effect on immunity production of: — 

(a) One and two injections of formol -toxoid (primary and 
secondary stimulus) and the interval between the injection 
of the antigen and the test. 

{h} The amount of formol-toxoid injected. 

(c) The value (total-aiititoxin-binding-value) of the toxoid 
injected. 

2. The immunizing power of small amoiiuts of free toxin. 

3. The production of immunity to Type B toxin, with Typo A 
toxoid. 

4. Methods of increasing immunity. 

5. The production of immunity with Type B bacilli, freed from 
toxin. 


^ The nomenclature suggested by^ W ilsdon (1931 ) for the welch group of 
anaerobes will be used throughout this article. 
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JJalling and his colleagues (1928) have shown that ihe immuniza- 
tion of ewes with formol-toxoids or anaciiltures (formolised whole 
cultures) of 67. welchii\ Type B has reduced the incidence of 
lamb dysentery in the lambs issue of such ewes. For a number of 
years, anacultuie only has been used for this purpose, chiefly because 
of the relative ease of production. In brief, its production is as 
follows: — The meat particles are removed from an 18 hours’ meat 
broth culture of the germ, enough formalin (40 per cent, formalde- 
hyde) to make a 0 4-0 *5 per cent, concentration added, the pH 
adjusted to 7-4 and the material incubated at 37^ O, until more than 
0*25 c.c. (on intravenous injection) is required to kill a mouse. From 
3-10 days at 37^ C. are usually required. The value of the toxoid 
(the wxird “ toxoid ” will be used throughout to denote either 
formol-toxoid or anacultujre) is now determined. Varying amounts 
of toxoid are mixed with 1 unit of a (laboratory) standard anti- 
toxin, and after standing at room temperature for 1 hour, one-h(df 
of a test dose of toxin (i.e. one-half of thnt amount of toxin which 
is just neutralized by one unit of antitoxin) is added to each mixture. 
After a further half to one hour at room temperature, the mixtures 
are injected intravenously into mice. If, for example, the mouse 
receiving the mixture (containing 1/20 c.c. of toxoid, ] unit of anti- 
toxin and ^ test dose of toxin dies, and that receiving the mixture 
containing 1/30 c.c. of toxoid lives, 1.0 c.c. of toxoid is said to be 
equivalent to 15 units of antitoxin, or briefly is of 15 units value. 

In testing the immunity produced in cnimals by toxoids, two 
methods have heen employed: — 

(1) The Cnmvhitive Mmimal Lethal Dose {Cumulative M.L.D,) 
Test (Mason, Ross, and Balling, 1931), — This method has given satis- 
fa(itory results over a period of 7-8 years when applied to guinea- 
pigs immunized with Type B antigens. Briefly, ii, is based on the 
fact that Type B toxin, administered intravenously (i.v.) kills with 
great rapidity, so that, in the cmtrvse of fj hours, 32 or more minimal 
lethal doses (M.L.D.) may be given in 5 injections (e.g. M.L.l). 1, 
3, 4, 8, !()). The result is recorded as ‘‘ guinea-pig withstood 4-8, 
etc., M.L.IJ.”, which means that it vsurvived the injection of 4 
M.L.l)., hut. not that of a further 4 M.L.l). 


(2) The Titration of tJie Scrum of the Immunized Aiiimal or of 
the Pooled Sera of a Group of Anim^ds . — The Irttter procedure has 
pioved most satisfactory in the writer’s hands. In the results to he 
presented, it will be observed that, by the cumulative M.L.l). test, 
the individual variation of immunity response is greatly accentuated, 
some guinea-pigs dying after the injection of 1 M.L.l). and others 
of the same group withstanding 8 or 16 M.L.l). By testing the 
pooled vsera (i.v. in mice), these individual variations are masked* and 
a valuation figure can be given to the group. Further, the serum 
can be titrated to about 15-20 per cent, accuracy ; such a difference 
would be difficult to show up by the cumulative M.L.D. method. 

Experience over a number of years has shown that a toxoid of 
20 or more units usually produces a satisfactory degree of immunity 
in guinea-pigs. 
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EXPERIMENTAL. 

The Effect of a Stngj.e Injection of Toxoid. 


The time elapsiDg between the injection of antif?en and the 
appearance of circulating- antitoxin depends, to a large extent, on 
the value of the antigen. After the injection of 2*0 c.c. of toxoid, 
value 80 units, into guinea-pigs, antitoxin is demonstrable in 10 days, 
but whether present before that time has not been ascertained. A 
low value toxoid of 5-10 units will not stimulate the production of 
demonstrable antitoxin in 2 up to 4 weeks after injection. However, 
that it does act as a j)rimary vstimuliis is shown when a second injec- 
tion is given 2-4 weeks later; antitoxin is then easily demonstrable 
7-12 days after such a secondary stimulus. 

In table 1 are re(*orded tlie results of testing, by Ihe cumulative 
M.L.D. method, the immunity produ(*ed in guinea-pigs by one sub- 
( utaneous injection of a good value toxoid (valued 40 units). 

The experimeni shows that the maximum immunity is jnesent 
l»e1ween tlie 14th and 21sl day after the injection of the antigen, is 
decreasing at the 2(Stli day and is not demonstrable at the 90th day. 


Taule 1 . 


The Effort of a Situjle hi 'jcctiou of To.rouh 




Cum 

. M.L.D. test after 


G.P. 

i 

14 days. 

21 days. 

28 days. 

60 days. 

1 90 davf*. 

1 

1 

<.I 


<1 


<1 

2 

1-2 

<l 

<1 

<1 

<1 

3 

3 

1-2 

<] 

<! 

<, 1 

4 

6-10 

1-2 

<1 

<1 

<l 

T) 

6-10 

2-4 

1-2 

1-2 

<rl 

6 

^10 

4-8 

1-2 

4-8 

<1 


(Hie guinea-pigs received 2 0 c.c. of the Hame toxoid s.c., and 6 were removed and 
tented at the above stated i)erio<l8.) 


The Effect of Two Injections of To^roi l (the 2nd injection—"' the 
secondary stimulus — Again, the value of the toxoid injected 
determines, to a large extent, the immunity response of the animals. 
Experiments, planned to show up differences in response of guinea- 
pigs, which received the secondary stimulus 14, 21, and 28 days 
lespectively after the primary stimulus, did not give a decisive 
answer, i.e. no significant differen(*,es were got. The writer hesitates 
to stress this point because of the importance that is placed upon a 
relatively long interval in immunization with diphtheria and tetanus 
toxoids. Further, in the immunization of sheep, in the field, with 
Type B toxoid, a long interval, 4-5 months, is allowed, with excellent 
results, as judged by the immunity of the lambs to lamb dysentery 
and by the presence of antitoxin in the ewes^ sera and colostra. 
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The Effect of the Dose of Antigen. — As a routine measure, 2*0 
c.c. Type B toxoid is g:iven s.c. to guinea-pigs and 5 0 c.c. to sheep. 
In one experiment, using 2*0 and 0*1 c.c. respectively of toxoid, 
value 15 units, as primary stimuli and testing, ^ weeks later, the 
pooled sera of 8 guinea-pigs from each group for its antitoxic power, 
the following results were got: — 

2*0 c.c. guinea-pigs: 0*1 c.c. of serum neutralized 1 M.L.D. 
of toxin. 

0*1 c.c. guinea-pigs: 0*0 c.c. of serum did not neutralize 1 
M.L.D. of toxin. 

The results of an experiment, planned to test the effeci of the 
size of the secondary stimulus, are noted in table 2. The toxoid was 
of 25 units value, the primary stimulus was 2*0 c.c. s.c., and the 
interval between it and the secondary stimulus was 14 days. The 
immunity test (cumulative M.L.D.) was carried out 10 days after the 
second injection. 


Table 2. 

The Effect of Varging the Size {Dose) of the Secondary Stimvhis, 
Test hy Cum, M.L.D, Method. 


Secondary Stimulus c.c. 


G.P. 

2 0 

G.P. 

0-4 

G.P. 

0-1 

1 

2«4 

9 

< 4 

21 

<2 

2 

8-10 

10 

< 6 

22 

<3 

3 

8-16 

11 

<14 

23 

<3 

4 

16-20 

12 

<14 

24 

<4 

6 

20-30 

13 

<14 

25 

<6 

6 

20-30 

u: 

<14 

26 

<6 

7 

>40 

16 

4-8 

27 

4-10 

8 

>64 

16 

4-8 

28 

8-20 



17 

4-8 


1 



18 

8-16 





19 

16-32 





20 

16-32 




One can say, tiom the above results, that a 20 limes reduction 
in size of the secondary stimulus results in a decreased immunity 
response. One would hesitate to say that a 5. times reduction has a 
definite effect; the indication is that, of lessened response, but the 
experiment would have to be repeated on a large number of animals 
and the results examined statistically before a final answer could 
be given. 

The Effect of the Value of the Antigen. — In table 3 is recorded 
the immunity produced by 2 injections of toxoids of different value. 
A similar table could be presented, showing that I injection of toxoid 
(6), value 80 units, so immunized 6 guinea-pigs that they withstood 
1-4, 4-8, 4-8, 8, 8-16, and 16-24 M.L*D. of toxin respectively, whereas 
toxoid (2), value 10 units was incapable of immunizing any one of 
6 guinea-pigs to resist 1 M.L.D, of the same toxin. 
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Table 3. 

The Effect of the Value of the Toxoid Injected. 


Toxoid, 


(1) 

(2) 

(3) 

(4) 

(5) 

Value (units). 

Value (units). 

Value (units). 

Value (units). 

Value (units)* 


16 

1 

10 


1 

5 

1 

2i 


1 

80 






Cum. 

M.L.D. teM 






G.P. 


G,P. 



G.P. 


G.P. 



G.P. 


1... 

. <1 

1... 

. 

<1 

1.. 

.. <1 

1... 

, , 

<1 

1... 

.. 16-32 

2... 

4-8 

2... 

. 

1-2 

2.. 

.. <1 

2... 


<1 

1... 

.. >32 

3... 

. 4-8 

3... 

. 

2-4 

3.. 

.. <1 

3... 


<I 

3... 

.. >32 

4... 

16 

4... 


2-4 

4.. 

.. <1 

4... 


<1 

4... 

.. >32 

5 . . . 

. >32 

6. . . 


4-8 

5. . 

4-8 

5. 


1-2 

5 

>32 






6.. 

.. 4-8 

6.. . 


1-2 

6.!! 

!. >32 






7.. 

. . 8-16 




7... 

.. >32 



1 



8.. 

.. 8-16 







[The figures opposite G.P. (guinea pig) 1, 2, etc., are the number of M.L.l). tolerated 
by the animal. J 


Table 3 shows clearly that the auii^eiiic power of a toxoid is in 
direct relation to its antitoxin binding* value. However, one cannot 
assume, from the above results, that a toxoid of 1?() units will be a 
better antigen than one of 15 units, although one could be almost 
certain that it would be better than one of 5 units and poorer than 
one of 80 units, (flenny (1931) discusses the effect, on immunity 
production, of non-specific material in diphtheria toxoid and suggests 
thfit toxoids contain 99 per cent, non-specific and only 1*0 per cent, 
specific, substance. It will readily be appreciated that one lot of 
toxoid may contain more non-specific material than another and 
that much of tin’s material may, itself, be antigenic. Again, there 
is the possibility that the antigen, itself, may vary qualitatively from 
batch to batch. 

'J’he effect of the solubility of the antigen and the route of 
injection will be discussed under “ Methods of Increasing 
Immunity 

Ihiresponsive Antninis . — It will have been noti(*ed, in the results 
recorded, that the immunity response to the injection of the same 
toxoid varies enormously in individual guinea-pigs. When this 
happening was first encountered, it was feared that some guinea- 
pigs had not been injected and that others had received more than 
the desired number of inoculations. However, when the phenomenon 
occurred >vith every lot of toxoid tested, it was realized that the 
cause of the apparent discrepancy was the animal itself. To ascertain 
if the immunity response of the individual was of the same m*der 
when two antigens were injected at the vsame time, the following 
experiment was carried through. Two groups of guinea-pigs received 
two injections of Type B toxoid (2*0 c.c.) at 21 days’ interval and 
were tested by the cumulative M.L.D. method 14 days after the 
secondary stimulus. At the time of the first inoculation, 1*0 c.c. of 
diphtheria toxoid was injected into one group and 5*0 c.c. into 
another. Three weeks after this inoculation, each guinea-pig was 
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bled and its serum titrated for the presence of diphtheria antitoxin. 
(The writer is indebted to his former oollea^ue, Mr. A. T. Qlenny, 
for carrying out these tests.) Table 4 records the results. 

Table 4. 


Coinparison of the Iminunity Response of Guinea-Pigs Injected at 
one time with Type B and Diphiherm Toxoids, 


Groitp 1. 

Groitp 2, 

2 injections of 2 c.c. Type B toxoid, ■ 

2 injections of 2 c.c. Type B toxoid, 

1 injection of 1 c.c. dip. toxoid. 

1 injection of 6 c.c. dip. toxoid. 

G.P. 

Dip. AT. 

Type B. 

1 

G.P. 

Dip. AT. 

Type B. 

1 

1/1000 

1-4 

1 

1/1000 

12-32 

2 

1/10 

>32 

9 

1/25 

1-4 

3 

1/1000 

4-12 

3 

1/25 

12-32 




4 

1/1000 

4-8 




5 

1/1000 

1-4 




6 

1/260 

>32 


(Dip. AT diphtheria antitoxin ; the figures under Dip. AT. = units ; the figures 
under Type B = the result of the cumulative M.L.D. test.) 


Whilst there may be some degree of correlation, the results do 
not indicate that it is very close. 

METHODS OF INCREASING IMMUNITY. 

‘ (1) The Effect of making Atoxic Toxoid Slightly Toxic. 

(a) To 2*0 c.c. amounts of a rather low value Tyi)e B toxoid (11| 
units), 10 mouse M.L.U. of Type A, Type B and Cl. septiqve toxins, 
respectively, were added. Guinea-pigs received 2*0 c.c. s.c. twice 
(14 days* interval), and were tested (cumulative M.L.13.) 12 days 
after the secondary stimulus. The results are given in table 5. 

Table 5. 


The Kffect of niahruj Toxoid Slightly 'Toxic. 


G.P. 

Toxoid 

only. 

1 

1 

Toxoid plus 

Type B 
toxin 
alone 

10 M.L.D. 

Type A 
toxin. 

Type B 
toxin. 

' Cl. sept. 
toxin. 

i 

1 

<1 

4-8 

<1 

<l 

<1 

2 

<1 

16-24 

24-40 

<1 

<1 

3 

<1 

16-24 

24-40 

8-16 

<1 

4 

4-8 

24-40 

50-60 

24-40 

<l 

6 

4-8 

24-40 

60-60 


1-2 

6 

16-24 


>60 




{Cl. sept. s= Cl, seplique ; the Type B toxin alone was diluted in broth and 2 *0 c.c. 
injeoted.) 
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Jbocal reactions in above guin^<i-pigs (necrosis or evidence of 
necrosis) ; — 


14 days after 
first inoculation. 


Toxoid alone 0/6 

Toxoid plus Type A toxin 6/6 

Toxoid plus Type B toxin 6/6 

Toxoid plus Cl, septique toxin 4/4 

Type B toxin (10 mouse M.L.D.) 6/5 


(5/5 = 6 of 6 animals injected had local reactions.) 


{h) An experiment carried out with the same toxoid as in {a) 
above. The number and the spacinp: of the injections and the test 
was the same. The difference was that smaller amounts of toxin were 
added. The results are given in table 6. 


Tablk G. 

The Effect of mahing To,roid Slightly To.ric, 


O.P. 

1 

Toxoid 

only. 

Toxoid plus 

Type A 
toxin 

7 M.L.D, 

Type A 
toxin 

3 M.L.D* 

Type B j 
toxin 

6 M.L.T). 

Type B 
toxin 

2 M.L.D. 

Cl, sept, 
toxin 

10 M.L.D* 

1... 

<1 

4r-8 

<1 

<1 

<1 

<1 

2... 

i <1 

8-16 

<1 

8-16 

1-4 

<1 

3... 

<1 

8-16 

<1 

16 

4-8 

1-4 

4... 

<1 

8-16 

1-4 

16-32 

4-8 

4-8 

6... 

<1 

8-16 

4-8 

>32 

16-32 

4-8 

6... 

1-4 

>32 

8-16 

>32 

16-32 

4-8 

7..* 

8-16 

1 >32 

8-16 

j >32 

>32 

8-16 

8... 

8-16 

>32 

>32 

i 

>32 


9... 

>32 

>32 

>32 

1 




Local Reactions in above Guinea-pigs, 

14 days after 
first iTUKvlaHon^ 


Toxoid alone 0/9 

Toxoid plus 7 M.L.D. Type A toxin 7/9 4- 2/9^ Compare* 

Toxoid plus 3 M.L.D. Type A toxin 1/9 2/9.? 

Toxoid plus 6 M.L.D. Type B toxin 1/7 4* 1/7 ? 

Toxoid plus 2 M.L.D, Type B toxin 0/8 

Toxoid plus 10 M.L.D. Cl, septique toxin 6/7 + 1/7 f 


(7/9, etc, = 7 of 9 guinea*pig8 injected showed definite reactions ; 2/9?, etc. = 2 of 9 
guinea-pigs injected showed very mild reactions ; guinea-pigs not accounted for showed 
no reactions.) 


(c) The effect of the addition of toxin to very low value toxoid 
was investigated. The toxoid used was of unit value. The procc'.* 
dure was exactly as for (a)* Table 7 records the results. 
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Table 7. 

The Effect of making a Low Value Toxoid Slightly Toxic. 


O.P. 

Toxoid (21 units) plus 

Nil. 

Type B toxin 

10 M.L.D. 

Type A toxin 
10 M.L.D. 

1 

<1 

<1 

<1 

2 

<1 

<I 

<1 

3 

<1 

1-4 

<1 

4 

<1 

1-4 

<1 

5 

<1 

8-16 

<1 

6 

1-4 


<1 

7 

1-4 


1-4 

8 



1-4 


{d) The effect of a jingle injection of slightly toxic toxoid was 
investigated. To 2*0 c.c. amounts of a toxoid, value 25 units, no 
toxin, 10 mouse i.v. M.L.I). of Type B and 8 mouse i.v. M.L.l). of 
Type A toxin were added, and injected s.c. into guinea-pigs. Eourteen 
days later, the cumulative M.L.l). test was applied. The results are 
given in table 8. 


Table 8. 

The Effect of a Single Injection of To, void made slightly Toxic. 


A single injection of toxoid (25 units) plus 


G.P. 

iJu. 

Type B toxin 

10 M.L.D. 

Type A toxin 

8 M.L.D* 

1 

<1 

<1 

<1 

2 

<1 

<1 

1-2 

3 ! 

<1 

<1 

3 

4 

<1 

<1 

6-10 

5 

<1 

1-2 

6-10 

6 :. 

<1 

1-2 

>10 

7...; 

1-2 

1-2 


8 


3-0 


9........ 


6-10 



These four experiments show clearly that amounts of free toxin 
insufficient, of themselves, to produce demonstrable immunity, are 
capable, when mixed with toxoid of fair or good value, of improving 
greatly the s^ntigenic power of the toxoid. However, when added 
to a very poor toxoid, no significant difference is got. Further, the 
tests show that only the homologous toxin, Type B, or one having 
a toxic fraction in common with Type B, viz. Type A, is capable 
of producing the effect; CL septique toxin was not able to enhance 
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the value of the antigen. This also shows that the production of a 
local reaction does not, per se, increase the antigenic power of a 
toxoid, 

(2) The Effect of Adding If on-specific Material to 
Toxoid. — The problem of increasing the immunity, produced by 
diphtheria formol-toxoid, has occupied the attention of many 
workers, in particular, that of Ramon and his co-workers and Glenny 
and his colleagues. Ramon (1926) noted the stimulating effect on 
antitoxin production in the horse when finely ground tapioca was 
injected with the antigen. The formation of an inflammatory 
reaction was an accompaniment of the increased immunity. Glenny 
et al. (1926) and Glenny and Waddington (1928) reported upon 
the increased immunity resulting from the. addition of potash-alum 
to toxoid. Mazzucchi (1929) has recorded the increased protection 
against anthrax, afforded to animals, when the vaccine is injected 
along with the irritant glucoside, saponin. To detail all the publi- 
cations dealing with the non-specific stimulation of immunity would 
be tedious, but among the substances used are the following : calcium 
chloride, turpentine, toluol, oil, lanoline, killed germs and choles- 
terin. 

There are two aspects of the problem (1) the ])urely scientific, 
to discover if immunity can be increased wdth any substance and 
(2) the practical, to discover those substances, not, in themselves, 
unduly irritating or toxic which have an activating effect. The 
sec'ond asj)e(it may be further subdivided into (a) the production of 
hyp6U'immune sera in horses, where the formation of swellings and 
abscesses does not cause undue anxiety, (h) the production of 
immunity in man, and particularly in children, where abscess forma- 
tion and induration is of serious moment, and (c) the production of 
immunity in the domestic animals, where reactions are allowable, 
so long as they are of mild degree. It was with this last aspect that 
the writer busied himself. Another point, of definite practical 
importance, had to be kept in mind. The non-specific activator had 
to be cheap, the preparation of the final pix;duct had to be simple, 
and finally, this product had to be of such consistency that it could 
be easily injected with a syringe. From the inception of the work, 
the writer favoured a method which would render the antigen, itself, 
relatively insoluble. The work of Glenny, Buttle and Stevens (1931) 
show^ed that diphtheria toxoid is rapidly eliminated from the body 
and that the increased immunity resulting from the injection of an 
ahim-prec.ipitated toxoid is due to the slow^ absorption of the product. 
For this reason, a number of experiments were carried out to deter- 
mine the immunizing effect on guinea-pigs of alum precipitates of 
Type B toxoids. 


Ej'periments with Alvm, 

(a) Yield , — The most copious yields were obtained when enough 
alum was added to toxoids to make a 0* 5-3-0 per cent, concentration; 
at 10 -0 per cent, it was small and at 0‘1 per cent., very small. 
(Note. — In the following discussion the expression I’O^ eta.,, per 
cent, alum was added ’’ will mean that enough alum was added to 
make a 1-0 per cent, concentration.) 
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(h) Vah/e and Nitrofjen Content . — The ahini was added 1o 50 
c.c. amounts of toxqid, pll 7*4, in the stated percentages, the pre- 
cipitate washed twice in distilled water, and Ihe determinations made 
on the preci})itate, dissolved in 2*0 per cent. Rochelle salt. (The 
writer is indebted to his former colleague, Miss M. Barr, for the 
nitrogen results.) 


Toxoid B2. 

1 

Per cent, alum. 

0-0 ! 

1.0 1 

1-6 I 

2*0 

2-5 

3*0 

Value (units) 

Nitrogen (per cent.) 

12-5 

0-.36 

2-5 

0-014 

2 -.5 I 
0 046 

60 

O' 06 

6*0 

0*058 

2*6 

0-030 


Toxoid 300. 

Per cent, alum. 

0-0 

1-0 

1*5 

2-0 j 

2*6 

3 0 

Value (units) 

Nitrogen (per cent.) 

10*0 

0*38 

1 

2-6 

0*051 

' 1 

26 

0 062 

? 2 *5 
0*046 

2-5 

0*046 

2*5 

0*038 


Immvnity Experiment with J'oxoid 309. — The twice washed 
1*5 per cent, alum pre<‘ipitate, resuspended in saline back to the 
original volume, and the toxoid, itself, were injected, in 2*0 c.c. 
amounts, s.c. into guinea-pigs. After 21 days, some animals were 
te.sted for immunity (cumulative M.L.D.) and the remainder re- 
inoculated with the antigens^. These were tested after a further 
10 days. Table 9 records the results. 


Table 9. 

Invmunizing Power of Alv m-T oxoid . 


Toxoid, Alum precipitate. 

Immunity after injection. Immunity after injection. 


G.P. 

l8t 

G,P, 

2nd 

G.P, 

Ist 

G.P, 

2nd 

1.... 

<1 

13.... 

<1 

5.... 

<1 

19.... 

< 1 

2..,. 

<1 

14. . . . 

<1 

6..,. 

<1 

20.... 

8-16 

3,... 

<1 

15.... 

<1 

7.... 

1-3 

21.... 

8-16 

4.... 

<1 

16.... 

1-4 

8.... 

1-3 

22.... 

8-16 



17,... 

8-16 

9..., I 

1—3 

23.... 

>32 



18.,.. 

>32 

10.,.. 

1-3 

24.,.. 

>32 

• 




11.... 

S-6 

25.... 

>32 

.r 

1 

1 



3-6: 


1 


(Reactions — none of the toxoid guinea^iss hud reactions ; i^ll the alum-tx>xoId animals 
had small sterile abscesses.) 
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The iiidicatiou is strong that, although the alum precipitate 
was only a quarter of the value of the original, it f)ro(luced a much 
higher immunity. 

(c) Toxoid, value 15 units, pH 7*4; 0*001 per cent., 0*01 per 
cent., 0*1 i)er cent., and 1*0 per cent, alum (uhled; the juecipitate 
(unwashed) iplvs the sui)ernatant, injected s.c. into guinea-pigs 
(2*0 C.C.). Test ((aimiilative M.L.l).) 14 days after one inoculation 
and eleven days after two inoculations (21 days’ interval). The 
results are given in Table 10. 

(rZ) As (c), using a toxoid, value 12^ units, and testing the 
effect of adding 1*0 ])er cent, alum to it. (The precipitate phts the 
supernatant injected.) Table 11 records the results. 

Table 10. 


Immunizing Power of Toxoid, Plus Alum. 






Alum, per cent. 





G.P. 

0 

0 

1 

•0 

0 

•1 

0- 

01 

0*001 




Immunity after injection. 





(1) 

(2) 

(1) 

(2) 

(1) 

<2) 

(1) 

(2) 

(1) 

(2) 

1 

<1 

<1 

1-3 

<25 

<l 

< 5 

1 

<1 i 

<20 

<1 

<15 

IT! 

<1 

1-3 

<3 

^10 

<1 

<10 

<1 

<20 

<2 

<25 

3 

1-2 

3-7 

<3 

>15 

<1 

<10 

<1 

<10 

<3 

<26 

4 


3-7 

<3 

>20 




>15 

2-3 

>10 

5 


7-9 

>6 





16 

>7 

>15 

6 


10-17 








>15 

7 


>14 








>20 


[The (1) and (2) = first and second inoculation.] 

Table 11. 

Ivirnuiiizing rower of Towoid Flux Alum. 


Immunity after one injection of 
Toxoid plus 

O.P. Toxoid, 1 p.c. alum, 

1 <1 <1 

2 1-2 <1 

3 2-4 <1 

4 2-4 <1 

5 4-8 1-2 

6 4-8 


(e) A toxoid, value 12J units, j)H 7*4 was treated as follows: — 

1. 1*0 per cent, alum added, and the precipitate 'plus the 

supernatant injected. 

2. 1*0 per cent, alum added, the precipitate washed twice in 

distilled water, resuspended in saline to the original 
volume and injected. 
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3. A 10 per cent, alum precipitate washed twice in distilled 

water, dialysed against distilled water for 4 days at 
5® C., 8U8i)ended in distilled water to the original volume 
and injected. 

4. 1*0 per cent, finely ground tapioca added, and injected. 

5. The toxoid, without treatment, injected. 

Guinea-pigs received 2*0 c.c. of the above products and, after 
three weeks, were bled and 01 c.c. of their sera titrated against two 
mouse i.v. M.L.D. of Type B toxin. No serum neutralized this 
amount. On testing by the cumulative M.L.D. method, the following 
results were got (Table 12) : — 

Table 12. 


Immunizing Power of Alum Toroids and of Toxoid Plus Tapioca, 


G.P. 

Immunity after 

one injection of modifioation. 


1 

2 

3 

4 

Toxoid (no 
treatment). 

1 

<1 

<1 

<1 

<1 

<1 

2 

<1 

1-2 

<1 

<1 

1-2 

3 

<r 

1-2 

<1 

1-2 

1-2 

4 

<1 

1-2 

<1 

1-2 

1-2 

5 

<1 

1-2 

<1 

1-2 

1-2 

6 

<1 

1-2 

1-2 

1-2 

1-2 

7.; 

<1 


1-2 

1-2 

1-2 

S'.,* .... 

1-2 


2-4 

1-2 



(f) The 1*0 and 10 0 per cent, alum precifdtates of a toxoid, 
value 80 units, were washed twice in saline. Their value was less 
than 2i units. The immunity test (cumulative M.L.D.) in guinea- 
pigs, 21 days after a single injection of 2*0 c.c., is recorded in 
Table 13. 

Table 13. 

Immunizing Power of 1*0 per cent, and 10*0 2 )er cent. Alum 

Precipitates . 


Immunity after one injection of 



Toxoid. ! 

1 • 0 p.c. 

Alum preoipitate. 

10*0 p.o. alum 
preoipitate. 

1 

1-4 

<1 

<1 

2 

4-8 

<1 

<1 

3 

4-8 

<1 

<1 

4 

8 

1-2 

1-2 

6 

16-24 

1-2 

1-2 

a 

24r-40 

1-2 

1-2 

7 


1-2 

4-6 


These immunity experiments, planned to show the stimulating 
effect of an alum precipitate (a precipitate which is only very slightly 
soluble in water) are very disappointing. The reason would appear 
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to be the inability of alum to precipitate out more than a fraction of 
the antigenic material. With toxoid 309 (see under (6)1, 1*5 per 
cent, alum precipitated 50 per cent, of the active material, whereas 
with the toxoid used in (/) less than 1/30 was obtained in a 1*0 per 
cent, precipitate. It would appear that with each batch of toxoid, 
a preliminary experiment should be carried out, in which samples 
are precipitated with 1*0-10*0 per cent, alum and the value and 
nitrogen content determined. That amount of alum whi(*h gives a 
precipitate, containing the most units per mgm. N should be used, 
i.e. where the units: mgm. N ratio is high. However, even granting 
that such a procedure would lead to the obtaining of a better antigen, 
the results recorded do not indicate that the method has much to 
recommend it as comierns the increasing of the value of Type B 
toxoids. In passing, it may be mentioned that the method has 
proved valuable with toxoids of Cl. septique (writer's unpublished 
observations). 

It should also be noted that the alum precipitates produced local 
reactions in many of the guinea-pigs injected (abscesses containing 
a thick pus, usually sterile). No indication was got that animals 
with such reactions were more immune than those without them. 

Expe/rimenU with Agar, Saponin and Colloidal Iron. 

These experiments w'ill not be detailed, as no definite indication 
was got that the addition of the substance to toxoid increased its 
immunizing value. 

(а) Agar. — Added, wdiilst liquid, to toxoid to make 0*1, 0*25 
and 0*5 per cent, concentrations. The immunizing power tested on 
sheep and guinea-pigs; no definite advantage over toxoid. 

(б) Saponin . — Added to toxoid to make a ()*025“0*05 per cent, 
concentration. The guinea-pigs injected all developed necrosis 
(sometimes severe), liesults as for agar. These experiments again 
show that the production of a local reaction did not, per se, increase 
the immunizing value of the toxoid. 

(c) Colloidal Iron . — Equal parts of toxoid and negatively 
charged iron (8 mgm. Fe/cc) and positively charged iron (2*4 mgm. 
Fe/cc.) respectively tested on guinea-pigs. All animals developed 
large swellings. Results as for agar. (The writer\s colleague, 
Dr. A. I. Malan, kindly prepared the colloidal iron.) 

Experiments with Zinc Chloride and the IntraperitoneaJ Route. 

Alum-precipitates having proved disappointing, the wu’iter 
looked around for other j)rotein precipitants, the i)reci])itates of 
which were relatively insoluble in w^ater. Zinc chloride at once 
suggested itself.^ (The writer is aw^are of the use of this substance 
for the purification of toxoids and toxins, but recalls no published 
work, in which zinc chloride precipitates have been used for 
immunization purposes. However, that they have been used for 
such purposes, he can hardly doubt.) The procedure adopted was 
similar to that mentioned under ‘‘ alum precipitation The ZnClj 
wna added to the toxoid^ the precipitate washed twice in water, and 
resuspended in saline. At the same time, the effect of injecting 
toxoid intraperitoneally was established. 
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Details of Hitpervments, 

(а) Toxoid 7. — Value 80 units; ZnCl^ precipitate j value 50 

units (the precipitate dissolved in 2*0 per cent. sod. citrate and the 
T.C.P. established; the value is that in terms of the original volume 
of toxoid precipitated). 

Dose: 2*0 c.c. Route: s.c. and i.p, for toxoid and s.c. for 
ZnCla precipitate. Test: the titration of the pooled sera of each 
group of guinea-pigs against toxin (mouse i.v.) and the cumulative 
M.L.D. test. 

(б) Toxoid 8. — Value 80 units; ZnCl^ precipitate^ value 60~G0 
units. Dose and injections as toxoid 7. Cum. M.L.D. test not done. 

(c) Toxoid 9. — Value 20 units; ZnCl^ precipitate ^ value 20 

units (suspended in saline to half the original volume). Dose: 
2*0 u.c. Route: s.c. only. Test: pooled sera only tested. 

In the case of toxoid 9, a preliminary exi)eriment was carried 
out to determine, if possible, the ojdimum conditions for precipita- 
tion with ZnClj. The toxoid ivas precipitated at pll 6 and at pH 
7*4 with 0*1, 0^25, 0*5, 10, 2*5 and 5*0 per cent, ZnClj, and the 
values of the precipitates determined. About 50 per cent, of the 
antigen was obtained in the 0* 5-6*0 per cent. }>recipitates, and only 
traces in the 0^1 and 0*25 per cent, precipitates. Further, it seemed 
as if the 2*5 per cent, yield of the toxoid, pH 7*4, was the least 
soluble in 2*0 per cent. sod. citrate, but the difference in the solubili- 
ties of the various producis was very slight. 

The tests of the immunity produced were carried out 21 days 
after the injection of the antigens. Table 14 records the results. 


Table 14. 

No. Mouse i.v, M.L.D. Neutralized hy 0*1 c.c. Pooled Serum. 



S.C. 

• 

I.P. 

Zn. 

Toxiod 7 

4-6 

40 

40 

Toxoid 8.. 

5 

50 

12 

Toxoid 9 

? 1 


3-4 


Toxoii) 7. 

CxitThulative M.L.D. 7'est. 


G.P. 

: s,c. 

I.P. -1 

Zn, 

1 

1-4 

16-40 

16-24 

2 

4-8 

>40 1 

24-40 

3 

4-8 

>40 

24-40 

4 

8 


>40 

6 

16-24 


>40 

6 

14-24 


>40 

7 

24-40 

* 



(6.0. » immumzatio]:i by subcutaneous route; I.P, immunization by intraperitone^ 
route ; Zn. as immunization by ZnCl, percipttate.) 
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In all three experiments, the ZnCl^ precipitates (toxoid 7, 
1-0 per cent., toxoid 8, 10 per cent., toxoid 9, 2 5 per cent.) proved 
8Ui)erior as antigens to the toxoids, themselves. A possible and even 
probable explanation of the failure of the precipitates of toxoids 8 
and 9 to })roduce the same degree of immunity as that of toxoid 7 
is as follows. That of toxoid 7 settled out quickly in saline, was 
with difficulty dissolved in 2 0 per cent. sod. citrate and produced 
mild local reactions in guinea-pigs. Those of toxoids 8 and 9 formed 
colloidal-like suspensions in saline, were easily dissolved in citrate 
and produced no local reactions. Thus, it would appear that the 
question is that of solubility; the precipitate of toxoid 7 was very 
slowly absorbed, high immunity resulting, wdiilst those of toxoids 
8 and 9 were more e^tsily dissolved in the animal body and thus more 
easily absorbed, producing, as consequence, a lower degree of 
immunity. 

One cannot invoke slow absorj)tion as an explanation for the 
very high degree of immunity produced by the intraperitoneal 
injection of toxoids 7 and 8. As Table 14 shows, the immunity was 
about 10 times greater by this route than by the subcutaneous. 
Rather would the opposite hold — that the very rapid absorption and 
“ shocking " of the system was the cause. It is well known that this 
“ shock method answers well in the production of antivirucidal 
sera and in the later stages of the production of hyperimmune anti- 
toxic sera. However, the writer piefers to present the facts without 
offering a dogmatic opinion. 


Testing of Immunity with Activated Spores, 

The method of preparing the spore suspension is as follow- s. By 
culturing CL welchii. Type B on solid serxim for a few days, a sus- 
pension, rich in spores, may be obtained. By heating such material 
at 65° for half an hour, most or all of the vegetative elements 
are killed; the suspension of siK)res, so produced, has proved stable, 
in the writer’s hands, for at least three months. These spores may 
or may not, depending uj^m the number injected, kill a guinea-pig, 
but 1/100 of a border-line lethal dose will, when activated ”, 
produce death. The activating agent may be calcium chloride, lactic 
acid, or glycerine, but, in the author’s experience, adrenalin has 
proved eminently satisfactory. In practice, a dose of spores is added 
to 0*02 c.c. of 1/1000 adrenalin (as received from the manufacturers) 
and enough saline added to bring the total volume of fluid to 2*0 c.c. 
Such, injected i.m. or s.c. into guinea-pigs produces typical gas 
gangrene. One must exercise the greatest care in working wdth 
adrenalin; 0*1 c.c. diluted to 1*0 c.c. with saline will, on injection, 
produce death with a post mortem picture, simulating that of gas 
gangrene. 

Great use has not been made of this method of testing immunity, 
but, as will be seen later, guinea-pigs, immune to toxin, resist the 
injection of activated spore suspension. To dilutions of the stock 
suspension (held at 5° C.) 0*02 c.c. of adrenalin w^as added and the 
total volume of fluid made up to 2*0 c.c. with saline. The dilutions 
were injected intramuscularly into guinea-pigs. The animals chosen 
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for the test were those immunized with toxoid 8 (s.c. injection), 
toxoid 8 (i*p* injection) and the ZnClg precipitate of toxoid 8 
(s.c. injection). The test was carried out 28 days after the immuniz- 
ing dose. Table 15 records the results. 


Table 15. 

Test of Immunity with Spore Suspension, 


G.P. 

Antigen. 

Toxoid i.p. 

Toxoid s.c. 

ZnCl, ppt. 

Bose spores c.c. 

1 

L • 

L 

+ 72 hr. 

0-5 

2 

L 1 

L 

L 

0-5 

3 

L 

72 hr. 

L 

0 25 

4. 

L 

4- 72 hr. 

L 

0-25 

5 

L 

+ 72 hr. 

L 

01 

6 

L 

L 

L 

01 

7 

i 

L 

L 


01 


Control G.Ps. 

Dose spores c.c. 


1 

0 01 

4 

2 

0 03 

4 

3 

01 

4 

4 

0'26 

4 


Result. 


(L == alive at the end of a week ; + ■=- died ; hr. hours ; o/n = overnight. Acti- 
vating dose of adrenalin = 0-02 c.c. ; total volume injected — 2-0 c.c.) 


. The results given above confirm in some measure those of the 
titration of the antitoxin, as given in Table 14. More guinea-pigs 
survived the spore injection in the groups whose pooled sera con- 
tained the most antitoxin (toxoid i.p. and ZiiCla ppt.). However, 
it will be noticed that the test is more qualitative than quantitative; 
three guinea-pigs of the toxoid s.c. group did not.witstand 0*25 c.c., 
0*25 c.c. and 01 c.c. respectively of spores, whereas two others 
resisted 0*5 c.c. Further, the survivors of all groups had hard, 
swollen legs, due probably in great measure to the adrenalin. 


Production of Immunity with Heated To^cin and Toxoid, 

Material Used, — The toxin from which toxoid 8 was made and 
the foxoid itself. 

Treatment, — The toxin boiled half an hour; the toxoid heated 
at 60^ C* for half an hour; the toxoid boiled half an hour. 

Toxoid, 80 units; 60® C. toxoid, 40 units; boiled toxoid, 
<2^ units; boiled toxin, <2i units. 
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Injections, — Toxoid and 60® C. toxoid — 1 injection s.c., test 
21 days later; boiled toxin and boiled toxoid — 2 injections, 21 days’ 
interval, test 10 days after the 2nd injection. 

Results : Toxoid, — 0*1 c.c. of the pooled sera neutralized 5 mouse 
i.v. M.L.l). toxin. 

GO® C. Toxoid, — 0*1 c.c. of the pooled sera neutralized 1 mouse 
i.v. M.L.l). of toxin. By the cumulative M.L.D. method, 4 guinea- 
pigs did not withstand 1 M.L.D. and d stood 1 — d. 

Boiled Toxin and Toxoid, — The pooled sera of neither group 
neutralized 1 mouse i.v. M.L.D. of toxin; no animal withstood 
1 M.L.D. of toxin i.v.; the three guinea-pigs of the boiled toxoid 
group tested did not survive the injeciion of 0*1 c.c. of activated 
spore suspension (given in the same way v.^as as noted in Table 15). 

These results show clearly that the antigen contained in Type B 
toxin and loxoid is thermo-labile; it is destroyed on boiling and its 
value halved when heated at GO® C. for half an hour. 

Production of Immunity by thk Injection of Small Amounts 

OF Toxin. 

(1) Immunity after One Suhdethal i,v. Dose of Toxin, — Into 
seven guinea-pigs, which had received, i.v., from of one sure 
M.L.D. of toxin, was injected, also i.v., one certain fatal dose of 
the same toxin 15 days later. All died. 

(2) Immunity after Several Suh-lethal i.v. Doses of Toxin, 

{a) A guinea-pig received \ M.L.D. of toxin i.v., 5 times 
within 5 hours. Twenty-four hours later, it withstood 
1 sure M.L.D, of toxin i.v. 

(6) As (a), but J M.L.D. 6 times. Withstood 1 M.L.D. 24 
hours later. 

(c) As (a), but \ M.L.D. 6 times. Did not withstand 1 M.L.D. 
24 hours later. 

{d) As (fc); withstood 1^ M.L.D. 24 hours later. 

(e) Five guinea-pigs received \ M.L.D. toxin i.v. Tested 
with 1 M.L.D. after 1, 3, 6 and 24 hours — all died. 

(/) A guinea-pig received \ M.L.D. 3 times within 2 hours 
and another \ M.L.D. 24 hours later. After a further 
24 hours, it survived the injection of 1 sure M.L.D. 

{g) A guinea-pig received J M.L.D. 4 times within 3 hours. 
It died 15 hours later. 

The toxin used in the above experiments was a dry one and the 
M.L.D. had been established in some dozens of guinea-pigs. Further, 
the necessary controls were included in each test. One may conclude 
that a guinea-pig may tolerate a fatal dose of toxin as soon as 24 
hours after the i.v. administration of 4-6 sub-lethal doses of the 
same toxin. 


401 



PRODUCTIOTT OF IMMUNITY AGAINST CL. WELCHII TYPE B, WILSDON. 


(3) Immunity after the Intradermic Injection of Small Amounts 
of Toxin. 

(a) Two ;[fiiinea-])i^s received 1, 2 and 3 M.ll.D. of toxin 
i.d. — 7 days later tested with 1 M.L.D. of toxin i.v., both 
died. 

{h) Six guinea-pigs received 1, 2 and 3 M.R.D. of toxin i.d., 
repeated in 7 days. Tested 14 days later with 1 M.L.D. 
of toxin i.v. — 4 died and 2 survived the 1 M.L.D, but 
not a further 2. 

(o) As (6), but the i.v. test 7 days after the 2nd i.d. injection — 
none survived 1 M.Ii.D. i.v. 

{d) As (ft), but the i.v. test 2 days after the 2nd i.d. injection — 
none survived 1 M.L.D. i.v. 

{e) Six guinea-pigs received 1, 2 and 3 M.R.D. toxin i.d., 
repeated in 14 days. Only one survived 1 M.L.D. of 
toxin i.v. 14 days later. 

(/) Guinea-])ig8 received 2*0 c.c. s.c. of Ty])e B toxoid (20 
units). Five were tested 14 days later with toxin i.v. 
Result: G.r. (1) <1, (2) 1-3, (3) 1-3, (4) 1-3, (5) 3-7. 
The 6 animals remaining received 1, 2 and 3 M.R.D. of 
toxin i.d., and were tested i.v. in a further 2 days. 
Result: G.K (1) 1-3, (2) 1-3, (3) 1-3, 4 (7-15), (5) 7-15, 
(6) >15. 

Although the injection of a small amount of toxin i.d. jn-oduces 
only a slight degree of immunity, the same amount i.d. acts as a 
satisfactory secondary stimulus when the primary stimulus was a 
toxoid of fair value. 


Immunity Experiments tn Guinea-pigs, using Type A and/or 

Type B Antigens. 

General Scheme, — Guinea-pigs received 2*0 c.c. of toxoid, repeated 
in 14 days, and the test (cumulative M.L.D.) applied 14 days 
after the 2nd inoculation. 

Experiment 1. — Two injections of Type A toxoid. Result: G.Ps. 
not immune to 1 M.L.D. of either Type A or B toxin. 

Experiment 2. — Two injections of Type B toxoid. Result: G.Ps. 
highly immune to Type B but not to Type A toxin. 

Experiment 3. — First inoculation — Type A toxoid, second inocula- 
tion — Type B toxoid. Result: G.Ps. not immune to either 
toxin. 

Experiment 4. — First inoculation — Type B toxoid, second inocula- 
tion — Type A toxoid. Result: G.Ps. highly immune to Type B 
toxin but not immune to Type A toxin. 
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Experiment 5. — First inocnilation — Type B toxoid plus 1*0 c.c. of a 

high value T;\pe B antitoxin, second inoculation, toxoid only. 

Result: G.Ps. not immune to Type B toxin. 

Experiment 6. — As exjmriment 5, l)iit using* a high value Ty])e A 

antitoxin. Result: G.Ps. immune to Type B toxin. 

Exper i m en t 7 , — 

(а) Three injections of Ty])e A toxoid — G.l^s. not immune to 
1 M.L.D, of Type A toxin. 

(б) Six injections of Type A toxoid — G.Ps. immune to at leuvst 
1 M.L.D, of Type A toxin but not to 1 M.L.D. of Type B 
toxin* 

(c) Six inje(;tions of Tyj)e B toxoid — G.Ps. highly immune to 
Tyj)e B toxin and to at least 1 M.Ti.D. of Ty])e A toxin. 

These experiments show that: — 

(1) It is difficult to ])roduce immunity to Tyi)e A, even with 
the use of a Tyj)e A antig*en. 

(2) Type A toxoid will act as a secondary stimulus to a ju’imary 
stimulus of Type B toxoid. 

(8) Type A toxoid cannot be used as a primary stimulus (Tyjje B 
toxoid being the secondary) in the production of immunity 
to Type B toxin. 

(4) When Ty))e B toxoid (used as a primary stimulus) is 

flooded ’’ with homologous antitoxin, no immunity is 
produced to Tyi)e B toxin. 

(5) The flooding ’’ of a iirimary stimulus of Type B toxoid 
with Type A antitoxin does not influence the degree of anti- 
Type B immunity produced. 

(6) Six injections of Type B toxoid produce immunity to Tyi>e A 
toxin, whereas the same number of injections of Type A 
toxoid produce no anti-type B immunity, 

ThK PllODUCTTON OF IMMUNITY WITH TyPE B BaCILLI, 

This asj)ect of the production of immunity has j)roved the most 
interesting and most astonishing of all. In comparatively recent 
times, a considerable amount of work has been carried out to test 
the immunizing jxiwer of the bacilli of the anaerobic grou]) of germs. 
Green (1929) showed that washed living and washed formolized 
suspensions of Cl, chauvcjei and ,Cl, septique were capable, on s.c. 
injection into sheep, of immunizing them against the i.m. inoculation 
of virulent culture. Robertson and Felix 1930) were able to produce 
an immune serum in horses by injecting washed and heated 67. 
septique bacilli. This antiserum contained no antitoxin, but 
protected mice against the injection of washed spores, activated with 
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calcium chloride. Craddock and Parish (1931) in an attempt to 
rejwjat this work found that high value Cl. septique antitoxin 
protected mice against 100 M.L.D. of an activated spore suspension. 
Henderson (1932) proved that laboratory animals could be immunized 
against the activated spores of CL chauvoei by injections of the 
washed, boiled organism. Later, Henderson (1933) show.ed that an 
antiserum, active against the germ, could be prepared by injecting 
goats with boiled suspensions of the microbe. 

The waiter has carried the investigation further, and has shown 
(article in preparation for press) that washed, boiled suspensions of 
CL chauvoei immunize sheep against the i.m. injeciion of culture. 
These suspensions proved to be excellent immunizing agents and, in 
controlled experiments, were often superior to anacultures or formol- 
toxoids. In this investigation, the writer also demonstrated the 
presence of a toxin in the filtrates of cultures. Such filtrates (or 
the dialysed ammonium sulphate precipitates) produced reactions 
when injected i.d. into guinea-pigs or sheep, killed guinea-pigs, 
mice and sheep on i.v. injection and were specifically neutralizable 
by antitoxin. Sheep immunized against the toxin (2 s.c. injections 
of formol-toxoid) developed circulating antitoxin, were immune to 
culture injected i.m., showed no reaction when toxin was given i.d. 
and resisted the i.v. administration of a dose of toxin lethal for 
normal sheep. Sheep hyperimmunized with boiled bacilli (6-8 s.c. 
injections) were resistant to culture injected i.m., but had no circulat- 
ing antitoxin and were not immune to the i.d. or i.v. administration 
of toxin. Further, the injection of boiled formol-toxoid produced 
a slight degree of immunity, not so high as that evoked by the 
unboiled material, but sufficient to allow of the animal resisting 
1-2 M.L.D. of culture, injected i.m. Such sheep had no circulating 
antitoxin. One could reasonably conclude that two antigens were 
involved in the production of immunity to CL chauvai, (1) a thermo- 
stabile antigen, producing,^ probably, antibody only against the 
bacilli and (2) a thenno-labile antigen (the toxin was destroyed on 
heating to 60^ C. for half an hour) cajiable of stimulating the forma- 
tion of antitoxin. 

Experiments were planned to prove that the same held good for 
Cl. welchii, Type B. Whilst the presence of a thermo-stable anti- 
gen, directed only against the bacilli, has not been disproved, the 
evidence points to the toxin, or a modification of it, being the chief, 
and probably the only,' antigen connected with the production of 
immunity to this germ. 

Experiment 1. — Goats received dense, washed saline suspensions 
of bacilli, i.v. Some suspensions were living, others heated at 60® C. 
for half an hour and others boiled for two hours. The sera were 
destined for agglutinative purposes. Two years later, the sera were 
titrated against toxin (mouse i.v.)^ merely to prove that they con- 
tained no antitoxin. The astonishing result, recorded in Table 16, 
was obtained. In the table, the type of germ injected, the number 
of injections, the length of the course of immunization, whether 
heated or unheated germs were administered and the titre of the 
antitoxin in the serum are recorded. 


410 



J. H. MASON. 


Table 16 . 


Production of Immunity in Goats by i,v. Injection of Living and I or 

Killed Type B Bacilli, 






Titre of 

seinim. 

Goat* 

Type. 

No. injtfi. 

Length of course. 

I 

Mouse 
M.L.D. 1 

Units. 

1 

B. (S) 

14 

(645 c.c.) 

50 days 

285 c.c. boiled bs. 

200 c.c. living bs. 

60 c.c. 60“ C. bs. 

266 

1 

200 

2 

C. (RS) 

5 

(215 c.c.) 

26 days 

Living bs. only injected 

2,000 

i 

1,400 

3 

B. (R) 

7 

(305 c.c.) 

28 days 

25.5 boiled bs. 

50 c.c. living bs. 

<1 


4 

C. (R) 

7 

(170 c.c.) 

28 days 

1.55 c.c. boiled bs. 

15 c.c. living ba. 

<1 



[(8), (RS) and (K) = smooth, rough-smooth and rough variants ; under “ length of 
course ” the order of the injections is given ; under “ Mouse M.L.D. ” the number of mouse 
i.v. M.L.D. of toxin neutralized by 0 * 1 c.c. of serum is given ; a unit of Tyj)e B antitoxin 
was fixed at the Wellcome Laboratories several years ago.] 

Although tall the aiiinials received living bacilli, only two 
j)roduced demonstrable antitoxin, (joat 1 received 8 injections, 
goat 2, f) injections, goat 8, 1 injetdion, and goat 4, 2 injections, of 
the livng germ. The period elapsing after the last administration of 
the live culture was 7 days in the case of goats 8 and 4, and 21 days 
for goat 1 (goat 2 received living suspension only). A careful 
examination of the history of these animals showed that they had 
been in no other experiment whatsoever. Although the antitoxic 
titre of their sera had not been ascertained jirior to imnuinization, 
it was hardly conceivable that it would be in the region of those 
recorded for goats 1 and 2. To eliminate all sources of error and 
doubt, a new experiment was commenced. 

Experiment 2. — A dense susiiension of Type B bacilli was washed- 
5 times in saline. A portion of it was boiled for 2 hours. To a 
quantity of this boiled suspension, 2 mouse i.v. M.L.U. per 0*5 c.c. 
were added. The toxicity (moiLse i.v.) of the 8 suspensions wuvS now’ 
established. 

(а) Living Suspemsion, — Mice show'ed no symptoms after 5 hours 
when injected with 0*5, 0*25 and 01 c.c. i.v.; however, all were 
dead over-night. In view^ of the rapidity with which Type B toxin 
kills, one is justified in concluding that 0*5 c.c. of the material did 
not contain 1 M.L.D. , and that the death of the mice was due to 
the growth of the germs in vivo. An antitoxin binding power test 
could not be satisfactorily carried out for this reason. 

(б) Boiled Suspension, — 0*5 c.c. was non-toxic, and the value, 
in terms of antitoxin, was less than 2\ units. 
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(c) Boiled Suspension Plus Trace of Toxin, — 0*25 c.c. was toxic 
and 0*1 c.c. non-toxic. The value was less than 2i units. 

The points that required solution were: (1) will living bacilli, 
only, stimulate the formation of antitoxin, (2) if so, is this due to 
the presence of minute amounts of toxin in or adsorbed to the germs, 
(3) if so, will the presence of small amounts of toxin in a boiled 
suspension produ(*.e the same effect, and (4) will boiled bacilli lead 
to the production of antioxin.^ The results of the experiment are 
recorded in Table 17. The injections were all made i.v. and just 
prior to the administration of the antigen, a sanqde of blood was 
withdrawn. 

Reference to the table shows that 14 days after the commence- 
ment of the course, goat 7 (living bacilli) had developed circulating 
antitoxin, and that the maximum titre was reached on the 19th day. 
Goat 5 (boiled bacilli) showed immunity on the 19th day, the anti- 
toxin reaching maximum titre on the 23rd day. Goat 6 (boiled 
bacilli plus toxin) had circulating antitoxin on the 21st day (probably 
before) but was not followed further because of the result obtained 
with goat 5. 


Table 17. 

Production of Immunity in Goats hy i,v. Injection of Living and> 

Killed Type B Bacilli, 


Pate. 

Injection. 

No, mouse i.v. M.L.D. 
neut. by 0*1 c.c, serum. 


Ooat S. 
(boiled bacilli.) 

Goat 6. 
(boiled bacilli 
toirin.) 

Goat 7. 
(living bacilli,) 

27.2 

5, 6, 7 yes 

<1 i 

<1 

<1 

4.3 

5, 6, 7 yes 

•<1 1 

<1 

<1 

6.3 

5, 6, 7 yes 

<1 

<1 

<1 

8.3 

6, 6, 7 yes 

<1 

<1 

<1 

11.3 

5, 6, 7 yea 

<1 

<1 

<1 

13.3 

5, 6, 7 yes 

<1 

<1 

4-10 

15.3 

5, 6, yes 

7, no 

2 

2 

40-100 

18.3 

6, 6, yes 

7, no , 

20 

ND 

200 

22.3 

6, 6, yes 

7, no 

200 

20-40“*‘ 

200 

26.3 

5, 6, yes 

7, no 

200 

ND 

200 


(♦ Tested on the 20.3 ; 6, 6, 7, yes and np = goats 6, 0, or 7 did or did not reoeiye 
injections, ND not tested.) 


Experiment 3. — The sera used in this experiment were prepared 
in the same way and at the same time as those noted in experiment L 
However, in this case, 2 rough and 2 smooth variants of 3 strains 
of CL welchii, Type A were used. The goats received living, boiled 
and 60^ C. heated suspensions. The course of immunisation lasted 
between 3 and 7 weeks. One goat only, that receiving 190 c.c. of a 
living suspension of an R variant in 16 days, developed antitoxin. 
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Itfi serum, in a dose of 0 05 c.c., neutralized 20 M.LJ3. of toxin; 
0*1 c.c. of the serum of the animal which got the same amount of 
suspension in the same time, but in this case using the S variant of 
the same strain, did not neutralize 2 M.L.D* The sera of the other 
goats, in a dose of 0*1 c.c., did not neutralize 2 M.L.U. 

Experiment 4. — The immunizing i>ower of one injection of 
2*0 c.c. of a dense suspension of washed, boiled Type B bacilli was 
ascertained. 

{a) The bacilli were spun out from an 18 hours ^ meat broth 
culture, washed twice in saline and boiled for 2 hours. The value 
of the suspension was less than 2i units. A formol-toxoid, prepared 
fi'om the filtrate of the same culture was of 80 units value. One group 
of guinea-])igs received, by s.c. injection, 2*0 c.c. of the boiled 
organisms and another 2*0 c.c. of the toxoid. After 21 days, the 
})ooled sera from each group was tested for the presence of antitoxin, 
in addition, the tolerance of the animals in the boiled bacilli grou]) 
to ioxin i.v. was ascertained. 

Result : 

Boiled Bacilli Group. — 0*1 c.c. of serum neutralized 4-0 
mouse i.v. M.L.I). of toxin. 

Cumulative M.L.I). Test.—Q.l\ (1) <1, (2) <1, (3) <1, 
(4) 1-3, (5) 1-3, (0) 3-7, (7) >12, (8) >12. 

Toxoid Group. — 0*1 c.c. of serum neutralized 5-G mouse 
i.v. M.L.D. of toxin. 

{h) The ])r()cedure was exacdly as for {a). The bacilli and the 
toxoid had the same culture as origin. The value of the bacillary 
susj)en8ion was less than 2A units, and that of the toxoid was 20 
units. 

Result : 

Boiled Bacilli Grotip.~—{)'l c.c. of serum neutralized 20-30 
mouse i.v. M.L.D. of toxin. 

Toxoid Group. — 0*1 c.c. of serum did not neutralize 1 mouse 
i.v. M.L.D. of toxin. 

Experiment 5. — Tn exjieriment 2, an attempt was made to 
immunize goats with washed bacilli, heated for half an hour at 
60^ C. On two occasions, the i.v. injection of 5 0 c.c. of a dense 
suspension killed the goats within 18 hours. In the region of the 
site of inoculation (jugular vein), the muscles were oedematous. 
Attempts to cultivate Cl. welrhii, Type B from the oedematous fluid 
failed. The most probable explanation for the oedema was a leakage 
of suspension on withdrawing the needle from the vein. This would 
mean that a minute amount of the material was capable of producing 
the effect because, on each occasion, after injecting the antigen, 
5*0 c.c. of blood w*as drawn into the syringe and this reinjected before 
the needle was withdrawn. The toxicity of the suspension for mice 
(i.v. injection) and guinea-pigs (id. injection) was investigated. 
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Mice^ L%\ Injection. — 0-5 c.c. + at ouce, 0*25 c.c.+24 hours, 
0*1 c.c, + 24 hours, 0*05 c.c. +36 hours, 0*025 c.c. + 3 days, 0*01 c.c. 
L; 2 M.L.D. were not neutralized by 0*1 c.c. of 3 high value Type B 
antitoxins or by 0*1 c.c. of 3 antisera prepared by injecting goats 
with living and/or boiled organisms. (+=died, L=:lived.) 

Guineo^pig, i.d. Injection. — 0*025 c.c. produced a small, yellow, 
circumscribed necrotic area, quite unlike the reaction evoked by the 
toxin of Type B; 3 M.Il.D. were not neutralized by 0-1 c.c. of the 
sera noted under “ mice i.v. injection 

The supernatant of the spun suspension proved non-toxic in a 
dose of 0*2 c.c., both i.v. and i.d. 

These five experiments are of intense practical and scientific 
interest. To one, like the writer, who has spent years in the prepara- 
tion of toxins and toxoids for the immunization of horses and sheep, 
the method offers a probable solution for many diffic'.ulties. The 
antitoxin produced by goat 2, Table (IB) in 26 days is as good as the 
majority prodmted by horses after a course of injections of toxoid 
and toxin, lasting 2-3 months. The antitoxins, produced by goats 
1, 5 and 7, are of low titre but it has been the writer’s experience 
that the goat does not yield such high value antitoxin as the horse 
(immunization with ioxoids and toxins of CL welchii, Types A 
and B, CL septtqve, and CL hotulinnm, Types A, B, C and D). 
In addition to the sj^eed of immunization, it is possible that 
the bacilli, obtained from cultures, the filtrates of which were 
either of high or low value, would act equally well as antigens. If 
such were the case, the production of high value toxin and toxoid 
would be unnecessary; the organisms could be grown in large quanti- 
ties of glucose broth, spun out in a Sharpies centrifuge, resuspended 
in a small amount of saline, boiled and injected. Such a procedure 
could easily be carried through by the average laboratory assistant. 
There are two disadvantages. Abqut 5-10 times more medium would 
be required than by the usual method, but, on the assumption that 
consistent results would be obtained, this would be offset by the 
saving in time and labour accorded to a senior worker, and the saving 
of laboratory animals. In the immunization of the goats, swelling 
and oedema of the muscles of the jugular vein region were common. 
This could doubtless be overcome by flushing the needle out with 
saline, prior to its withdrawal. 

For the immunization of sheep, the ‘‘ boiled bacilli method 
has definite possibilities. In the guinea-pigs, immunized in experi- 
ment 4, swelling and necrosis of the injected region (s.c, on abdomen) 
was the rule. Such reactions, in sheep, would not be tolerated by 
sheep farmers. However, in view of the high degree of immunity 
produced by one injection, an investigation of methods, capable of 
preventing the reaction, would be well repaid. 

From the purely academic side, the problem is fascinating. A 
suspension of killed organisms, containing no demonstrable toxin or 
toxoid, is capable, on injection into animals, of stimulating the 
formation of antitoxin. It is probable, in the light of the recent 
work on the immunizing power of specific soluble substances and 
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polysaccharides when adsorbed on protein or colloids, that the antigen 
in the boiled susi)ensions is in the nature of a hajdene, linked to, 
or adsorbed on, the protein of the bacillus. 

The experiment, conduced with a bacillary suspension, heated 
at 60*^ C., indicates that, in addition to the known exo-toxin, Type B 
produces an endo-toxin, serologically distinct frojn the exo-toxin. 

It is proposed to continue this investigation, to discover, inter 
alia, the best method of hyper-immunizing animals with boiled bacil- 
lary suspensions, a way of overcoming the reactions, ju’oduced by 
them and the physical and serological properties of the endo-toxin. 

CONCLUSIONS. 

1. The total antitoxin binding value of a toxoid of Cl. ivelchii, 
Type B (the lamb dysentery bacillus ’’) has a direct bearing on 
its immunizing capacity. The more antitoxin a toxoid binds, the 
greater is the degree of immunity produced by it. 

2. Atoxic toxoid, rendered slightly toxic by the addition of the 
toxins of 67. ivelchii, Types A or B proved superior as an antigen to 
the toxoid, itself. The addition of the toxin of CL septique did not 
increase the immunizing value of toxoids. 

3. The intravenous injection of 4-6 sub-lethal doses of Type B 
toxin, within 4-5 hours may so iinnuinize a guinea-])ig that it resists 
a fatal dose of toxin 24 hours later. 

4. Ahim-j)reci])itated toxoids proved, on the whole, inferior as 
antigens to the toxoids, themselves. The addition of agar, colloidal 
iron and sai)onin to toxoids did not increase their immunizing power. 

5. The washed zinc chloride precipitates of toxoids 2 )roved 
superior as antigens to the toxoids, themselves. The solubility of the 
])reci])itate appears to have a direct bearing on the degree of ijumunity 
produced. 

6. Washed living or washed boiled susjiensions of Type B bacilli 
(free from demonstrable toxin) stimulated the formation of antitoxin 
when injected into goats and guinea-])igs. 

7. Washed suspensions of Tyi)e B bacilli, heated at 60® Cb for 
half-an-hour, contain a toxic material, not neiitralizable by anti- 
toxin. 
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The Chemotherapy of Oesophagostomiasis 
in Sheep — 11. 


By H. O. MONNIG, B.A., Dr,Phil., B.V.Sc., Veterinary Researcli 

Officer, Onderstepoort . 


The experiments recorded in this paper include only tests which were 
based on administration of the drugs into the abomasum, i.e. in 
which the drugs were administered after a small quantity of copper 
sulphate -solution — see paper by Monnig and Quin in this issue. The 
work ran somewhat parallel to the investigations recorded in the 
latter paper and it will be seen that, as more knowledge was gained 
in regard to stimulation of the oesophageal reflex, the chemo- 
therapeutic investigations profited by this knowledge. 

Quite a number of the tests recorded below were carried out on 
farms in the vicinity of Pretoria, on account of the fact that it is as 
a rule difficult to produce artificial infestations with OesopTiagosto- 
rnum columhianvm in a sufficiently large number of sheep and also 
because it was considered desirable to work under ordinary farming 
conditions. These circumstances did not always allow the tests to be 
carried out as exactly and the results to be followed up as far as one 
would wish, because the wwk entailed much transport and loss of 
time and in several cases the sheep were either sold or moved to 
another locality soon after the treatment. It w^as, however, usually 
endeavoured to attach faeces bags to the treated animals, to rej)lace 
these daily for several days by fresh bags for the purpose of counting 
the worms passed after treatment, and to obtain faeces again about 
a fortnight after treatment for the purpose of making cultures from 
which the final results could be estimated. The original infestation 
of the sheep was estimated on the basis of reports made by the 
owners, post-mortems of one or more cases where possible and the 
clinical picture presented by the sheep selected out of the flocks for 
treatment. Although this method is not quite satisfactory, it was 
known that serious losses due to oesophagostomiasis were occurring 
on the farms selected and no other -worms except IlcbemoncJitis con- 
tortus for which the sheep had as a rule been treated, play an im- 
portant part in this area. 

I wish to record my thanks to Mr. B. J. van der Vyver, Govern- 
ment Veterinary Officer of the Pretoria District, for his assistance in 
selecting the flocks on w^hich these tests were carried out. 

In the course of previous investigations (Monnig, 1933), it had 
been found that certain relatively insoluble drxigs appeped to produce 
the best results and such drugs were therefore now again tested in the 
first instance, the selection of the drugs being influenced to some 
extent by the previous results. 
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Test No. 1. 

Out of a large flock of yearling merino lambs 30 moderately poor 
cases were selected and marked in six groups of five each. They were 
allowed to graze— on young succulent grass — ^and drank water imme- 
diately before treatment. Dosed 4 p.m. and the faeces bags removed 
24 and 48 hours later. In each case the drug was administered imme- 
diately after 10 c.c. 1 per cent, copper sulphate solution. 

Group 1 — each 1 gni. copper tartrate. Passed 461 Oes. col* 
in 48 houre. 

Group 2 — each ()*95 gm. ar^senious sulphide. One lamb passed 
2 Oes col. 

Group 3 — each O ' 85 gm. capper arsenate. Passed 004 Oes. col. 

Group 4 — each 2 4 gm. hexachlorethane. No worms passed. 

Group 6- — each 0*0 gm. barium arsmate. Passed 94 Oes. col. 

Group 0 — each 0*4 gm. mercurous .mlphnte. Passed 11 Oes. 
col , 

It is probable that in some cases worms were passed after the 48 
hours. In groups 1 and 3 each of the lambs passed a number of worms 
each da^ but, as the lambs were not individually marked, individual 
records cannot he given. Rome six wrecks later the owner reported 
that the lambs of groups 1 and 3 had markedly improved but not 
the others. None of the lambs had appeared to suffer as a result of 
the treatment-. 


Test No. 2. 

Sheep 1-2 years old, very poor and dull, grazing on green grass hut 
had no water on the day of treatment. Sti inula led with 10 c.c. 1 j)er 
cent, copper sulphate solution. 

Group 1 — 8 sheep, each 0*6 gm. copper arsenate. Passed 48 
Oes. col. in 3 days. 

Group 2 — 8 sheep, each twice 0*5 gm. copper arsenate on tw^o 
successive days. Passed 188 Oes. col. in 3 days from the 
first treatment. 

Grouj/ 3 — 4 sheep, each 5 c.c. tetrachlorethylene in 10 c.c. 
liquid parafiin. Passed 93 Oes col.,m 3 days 

Faeces cultures made a fortnight later showed that the sheep of 
group 2 were free of nodular worms, while those of the other two 
groups were still infested. Again the sheep had not been individually 
numbered, hence it cannot be stated whether all or only some in each 
group passed worms. 

In the light of knowledge which was gained later it appears 
probable that the copper sulpnate solution was too w^eak to produce 
a satisfactory stimulus in some cases and also that the single dose 
of 0*5 (jm. copper arsenate was insuflicient. The test had been carried 
out mainly to ascertain whether such a dose would be sufficient. 


Oes. col..=^Oe8ophagosimum mlumhianum. 
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Test No, 3. 

At Onderstepoort three poor, weak, adult sheep were dosed with 
0*85 g*!!!. copper arsenate each after 10 c.c. 1 per cent, copper sul- 
phate, The following numbers of Oes. coL were passed: — 


1 

1 

1st day 
after 

treatment. 

2nd day. 

3rd day. | 

4th day. 

1 

5th day. 

Total. 

Merino 41482 

1 

7 

5 

48 

30 

0 

90 

Merino 41483 

21 

7 

:i8 

18 

^ i 

84 

Persian 41466 

0 

1 

0 

0 

0 ! 

1 


Subsequent examination showed that the two merinos were clean 
but the Persian still infested. The latter had probably swallowed the 
drug into the rumen. 


Test No, 4. 

Merinos about 2-3 years old, in poor condition, grazing on green 
grass but had no water on day of treatjnent. These sheep were at 
the time not badly infested as they had been given enema treatments 
on several occasions. Stimulated wdth 10 c.c. 1 per cent, copper sul- 
phate. 

Group 1 — f) sheep, each 0*85 gm. copper arsenate. Three 
passed no worms, one 9 and one 190 Oes, col. in three days. 

Group 2 — 4 sheep, each 1 gm. copper tartrate. Passed 11, 24, 
30 and 117 Oos, col, I'espectively in 3 days. 

Group 3 — 5 sheep, each 1 gm. cryolite (mixture of fluorides). 
Passed 11, 3, 2, 3, 3 Oes. col. respectively in 3 days. 

Group 4 — 5 sheep, each 5 c.c. tetrachlorethylene in 15 c.c. 
skimmed milk. Passed 0, 0, 1, 1, 3 Oes. col. respectively 
in 3 days. 

The sheep were not re-examined later. 

Test No. 5. 

Merinos, 2-tootb, moderate to poor condition but well grown. 
Fed on dry hay and not kept from water. Stimulated with 10 c.c. 
1 per cent, copper sulphate. 

Group 1 — 2 sheep, each 5 c.c. tetrachlorethylene in 16 c.c. 
liquid paraffin. Only one passed one Oes. col. Later both 
still infested. 

Group 2 — 2 she^, each 0*42 gm. mercurochrome. Only one 
passed two Ues. col. Later both infested. 

Group 3 — 2 sheep, each 1 gm. of a relatively insoluble ijro- 
prietary drug stated to posses anthelminthic properties. 
Ifo worms passed. 


3 
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Test No, 6. 

Merinos and crossbred sheep in poor condition, 1-2 years old. 
Running on green pasture, not kept from water. Stimulated with 
10 c.c. 2 per cent, copper sulphate. 

Group 1 — 5 sheep, each twice 0*95 gm. arseniovs sulphide (on 
two successive days). Passed no worms. Later still in- 
fested. 

Group 2 — 5 sheep, each twice 1*1 gm. copper carbonate. Only 
one passed one Oes. col. Later still infested. 

Group 3 — 5 sheep, each twice 1-75 gm. bismuth suhnitrafe. 
Passed no worms. Later still infested. 

Group 4 — 5 sheep, each 1 gm. lead tartrate. Passed 23, I, 
0, 0, 0 Oes. col. respectively. Later still infested. 

Group 5 — 5 sheep, each 1 gm. lead arsenate. Passed f), 9, 10, 
15, 0 Oes. col. respectively. Later still infested. 

Group 6 — 5 sheep, each 1 gm. bismuth sub gall ate (“ Derma- 
tol Passed no worms. Later still infested. 

In the above tests copper arsenate and copper tartrate were the 
two outstanding drugs which gave the most satisfactory results and 
further tests with them were subsequently made, as will be reported 
below. 


Tests with Tetraohlorethylenk. 

In other anthelminthic work indications had been obtained to the 
effect that l^trachlorethylene may sometimes be fairly effective against 
the nodular worm and further tests with this drug were made at 

Onderstepoort in order to obtain more information. 

• 

Tests with this drug on 11 sheep have been mentioned above and 
the results were not promising. In some cases the 5 c.c. doses were 
quite large enough considering the size and condition of the sheep, 
in other cases they could have been larger. Also, it is possible that 
the copper sulphate solution used was too weak. 

In the further tests 5 per cent, copper sulphate was used as 
stimulant and the doses of tetrachloretylene was usually 5 c.c, for 
lambs of 6-12 months and 10 c.c. for sheep over 12 months. The drug 
was mixed with mineral oils of various s.pecific gravities and 
viscosities and other vehicles and adjuvants were tested. 

Since this work is still in progress it will be reported upon in a 
later article, but at this stage it may be mentioned that, although it 
may be possible to arrive at an effective formula, a simple combination 
of tetrachlorethylene and a mineral oil does not appear to be satis- 
factory*. The doses required to dean sheep of nodular worms after 
several treatments are on the border of the limit of safety and further 
study of the conditions under which tetrachlorethylene is toxic to 
sheep is urgently required. Moreover, the cost of repeated doses as 
required for a complete cure are relatively high and would be pro- 
hibitive under certain conditions. 
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Further Tests avitii Copper Arsenate anj) Copper Tartrate. 

Test No. 7. 

A flock of full-grown merinos in poor condition and rather dull, 
grazing on slightly dry pasture, kept from water for 24 hours before 
and 18 hours after treatment. 

Group 1 — 70 sheep, stimulated with 10 c.c. 1 per cent, copper 
sulphate, dosed each 0‘() gm. copper ar senate. Five of the 
poorest sheep of this group passed 73, 29, 29, 0, 0 Oes. col. 
in 48 hours. One very poor sheep in this group (not of the 
last five used for worm counts) killed three days after 
treatment had al)out 200 Oes. col, still alive. 

Group 2 — Of 5 poor sheep, stimulated wdth 10 c.(*. 2 per cent, 
copper sulphate and dosed each 0*6 gm. copper arsenate 
only one passed 13 and another 1 Oes, col, in 48 hours. 

Group 3 — 90 sheep, stimulated with 10 c.c. 1 per cent, copper 
sulphate, dosed each 1 gm. copper tartrate. Five of the 
poorest were selected for worm counts; only one passed 10 
Oes. col. 

Group 4 — Of 5 poor sheep, stimulated wdth 10 c.c. 2 per cent, 
copper sulphate and dosed each 1 gm, copper tartrate only 
one passed 1 Oes, col. 

The doses of the drugs used w'ere apparently loo small for these 
full-grown sheep, and, according to later experiences, the stimulant 
was also too weak. 


Toxicity Tests. 

Since nothing was known with regard to the toxicity of these 
two drugs it was considered advisable first to gain wsome knowledge 
on this point. 


Test No. 8. 

A mixed lot of persian and cross-bred sheep ranging in age from 
about 5 months to 2 years, all except some of the older ones in 
moderate or poor condition. Grazing was green and the sheep were 
allowed to drink immediately before treatment. Stimulant 10 c.c. 
2 per cent, copper sulphate. 

Group 1 — 40 sheep of various ages dosed each 1 gm. copper 
arsenate. Two days after treatment a lamb of 4-5 months 
died with lesions of arsenical poisoning and another of the 
same age was very ill but recovered. 

Group 2 — 40 sheep of various ages dosed each 1 gm. copper 
tartrate. These sheep remained quite normal. 

The owner latjer reported that these sheep had improved 
appreciably in condition after treatment. 
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Test No, 9. 

Merinos in moderate to poor condition but well grown, age 2- 
tooth. 

Feeding on dry hay, not kept from water. Stimulant 10 c.c. 1 
per cent, copper sulphate. 

Group 1 — 7 sheep, each twice (on two successive days) 1*25 gm. 
copper arsenate. Four died of arsenical poisoning. 

Group 2 — 2 sheep, each twice 2 gm. copper arsenate. Both 
died of arsenical poisoning. 

Group 3 — 4 sheep, each one dose 4 gm. copper arsenate. Two 
died of arsenical poisoning. 

Group 4 — 5 sheep, each twice 1-65 gm. copper tart rate. No 
adverse effects. 

Group 5 — () sheep, each twice 2 gm. copper tartrate. One 
died of copper poisoning. 

Group (5 — 2 sheep, each twice 2*5 gm. copper tartrate. One 
died of copper poisoning. 

Group 7 — 3 sheep, each one dose 4 gin. copper tartrate. No 
adverse effects. 

Group 8 — 2 sheep, each one dose 5 gm. copper tartrate. No 
adverse effects. 

Group 9 — 6 sheep, each one dose 6 gm. copper tartrate, 3 Died 
of copper poisoning, two others showed symptoms — marked 
icterus and methaemoglobinuria — but recovered. 

Most of these sheep had been infested with nodular worms before 
treatment but were clean thereafter. 

According to the results of the above tests it would appear that 
a double dose of 1 gm. copper arsenate or a double dose of 1*5 gm. 
copper tartrate is within the limits of safety for sheep over 18 months 
old. Since an overdose of the former leads to arsenical poisoning 
and an overdose of the latter to copper poisoning, a combination of 
the two drugs, which would allow cutting down the quantity of each, 
was now considered, particularly because it was though possible that 
the two drugs acted on the parasites in different ways. 


Test No, 10. 

110 Cross-bred sheep, various ages from about 5 months to 2 
years. Grazing on green pasture and allowed to drink immediately 
before treatment. Stimulated with 10 c.c. 2 per cent, copper sulphate. 
Dosed with copper arsenate 1 part and coppen tartrate 2 parts, giving 
on each of two successive days to lambs up to six months 0*72 gm. 
(0*24 + 0*48 gm.), 6-18 months 1*1 gm. (0*37 + 0*73 gm.) and sheep 
over 18 months 1*45 gm. (0*48 + 0*97 gm.). The owner reported 
later that four days after the second dose a small, weak lamb had died 
but the other sheep showed no ill effects and improved much after 
the treatment. 
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Tests with Mixtures, 

Test No. 11, 

Group 1 — 5 cross-bred sheep in fairly poor condition, 1-2 
years old, grazing on green pasture and not kept from 
water. Stimulated with 10 c.c. 2 per cent, copper sul- 
phate. Dosed on each of two successive days with 1*1 gm. 
of mixture as used in test No. 10. Passed 77, e‘17 ,18, 0, 0 
Oes. col. 

Group 2 — 4 cross-bred sheep similar to group 1 and similar 
treatment but dosed twi(‘e with 1-25 gm. of a mixture 
copper arsenate : copper tartrate -= 2 ; 3 (i .e. 0*5 gm , + 
0-75 gm.). Passed 139, 99, 32, 1 Oe.^. col. 

In lK)th gi’oups no ill ett'ects were noticed and faeces cultures a 
fortnight later showed that the sheep were all free of nodular worms. 

Group 3 — About 100 cross-bred sheep of the same flock, treated 
like the other two groups but dosed twice with 1*4 gm. of 
a mixture of copper arsenate: copper tartrate = 2: 5 (i.e. 
0*4 gm.-hl O gm. No faeces were collected but the 
owner reported later that the flock had completely 
re<‘Overed. 

In this connection it should he stated that, when faeces were 
collected from groups 1 and 2 for cultures a fortnight after treat- 
ment the whole flock was treated for infestation with Oestrus ovis 
which appeared to atfect a number of the sheep, and which may have 
accounted for the poor condition, because the majority of the sheep 
had relatively few nodular worms and some none at all, at the time 
of treatment. In several instances it has been noticed that the 
combination of nodular worm and Oestrus oris is very severe on sbeej). 
The nasal maggots prodiK'e an irritation which keeps tlie sheep from 
feeding i)Tf)perly and an insufficiency of food has very serious effects 
on sheep infested wdth nodular worms. 

Test No. 12. 

A flock of lt)0 full-mouth merinos in very poor condition and 
rather dull. Qrazing on pasture w^hit^h, though still green, was 
becoming coarse. Kept from w^ater from 24 hours before first dose 
until 12 hours after second dose. Stimulant 10 c.c. 2 per cent, copper 
sulphate. Dosed each twdce with 0*5 gm. copper arsenate and 1*25 
gm. copper tartrate (i.e. 2 :5). Twenty-four of the poorest sheep w^ere 
selected for collection of faeces and all except four passed nodular 
worms. They had not been individually numbered, but the total 
of w'orms passed! was 469, giving an average of 23*5 for the 20 sheep. 

A week after treatment the three poorest sheep of the flock were 
killed ; they still harboured roughly 50, 150 and 200 nodular worms. 

The day after the second dose two sheep died and the next dav 
another one, apparently of arsenical poisoning. The whole flock 
appeared to be affected by the treatment and did not improve much 
later on. 
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This result led to further toxicity tests; — 

Test No. 13. 

Sheep^ at Onderstepoort, full grown, 4-6 tooth, in medium to 
poor condition. Fed dry hay and crushed maize. Stimulant 10 c.c. 
2 per cent, copper sulphate. 

Group 1—50 sheep. Not kept from water but did not drink 
within a few hours of treatment. Dosed twice with 0*8 
gm. copper arsenate and 12 gm, copper tartrate. Two 
sheep died of arsenical poisoning after the first dose. 
Another five died of arsenical poisoning after two doses. 

Gronp 2 — 20 sheep, kept from water on the days of treatment, 
dosed at 2 p.in. Each received twice 0*6 gm. copper 
arsenate and 1**5 gm. copper tartrate. Not affected by 
treatment, no deaths. 

Group 3 — 18 sheep, treated like group 2 but dosed each twice 
0*6 gm. copper arsenate and 1*2 gm. copper tartrate. 
One sheep died a day after the second dose but showed no 
lesions and the liver contained only traces of arsenic. 

Group 4 — 2 lambs about 4 months old, treated like group 2 but 
dosed each twice 0*4 gm. copper arsenate and 0*8 gm. 
copper tartrate. No ill effects. 

Group 5 — 20 sheep, kept from water from 24 hours before first 
treatment until (J hours after second treatment. Dosed 
each twice with 0*6 gm. copper arsenate and 1*5 gm. 
copper tartrate. One sheep died of arsenical poisoning a 
day after the second dose and another four days later. 
The other sheep did not appear to be badly affected but 
some were rather dull for a few days. 

Group — 20 sheep, treated like group 5 but dosed each twice 
with 0*7 gm. copper arsenate and 1*75 gm. copper tar- 
trate. Two sheep died after the first dose; one, very poor 
and weak, died 8 hours after treatment and had all of the 
remedy still in the abomasum and there \ras a slight 
hyperaemia of the mucosa. The other sheep, in fair con- 
dition, died 24 hours after treatment, having been 
prostrated. for several hours, and very little of the remedy 
had yet left the abomasum. There was an acute abomasitis 
and the liver showed a sufficient quantity of arsenic 
(0*6 mg. AsaOa per 100 gm.) to confirm the diagnosis of 
arsenical poisoning. Three more sheep died of arsenical 
poisoning iwo days after the second dose. The rest all 
appeared to be slightly affected for a few days. 

Group 7 — 20 sheep, treated like group 5 but dosed each twice 
with 0-8 gm. copper arsenate and 2 ^m. copper tartrate. 
Three sheep died of arsenical poisoning, one, three and 
six days respectively after the second dose. The others 
also were slightly affected for a few days. 

' In considering the results of tests Nos. 12 and 13 two points 
have to be taken separately. 
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Firstly the question whether the drugs were swallowed into the 
abomasum in all rases. From information which was obtained at a 
later stage and which is discussed in another paper (see article by 
Monnig and Quin in this issue) it appears very probable that this was 
not the case. It was later found that full-grown sheep, and 
particularly if they are in poor condition, are not well stimulated by 
2 per cent, copper sulphate. In addition there is the factor of fluidity 
of the ruminal contents — if the contents are fairly fluid the drug- 
passes to the abomasum more fretiuently than when the contents are 
on the dry side, and the latter was probably the case with many of 
these sheep, especially groups 2-7 which were receiving dry food and 
were kept from water. If the drug falls into the rumen it is 
practically lost as far as the nodular worm is concerned, because the 
small quantities Avliich would pass through over a prolonged period 
would probably not reach the worms, since the drug would become 
dissolved in the abomasum and be absorbed. Since the absorption 
Avould be slow and spread over a considerable period of time, the 
danger lo tlie sheep would be relatively small. In test No. 12 
})robably one or both of the two doses were in many cases swallowed 
into the rumen, hence the low efficacy. The fact that the three 
j)()()rest sheep Avere eventually killed for examination is also significant 
because these w’ere the worst (*ases for stimulation and would therefore 
show’ Ihe least suc-cessful result. 


Secondly there is the question what happens when the remedy is 
swallow’ed into the abomasum. Boih the drugs are relatively 
insoluble in Avater but more soluble in an acid medium. The follow- 
ing degrees of solubility Avere determined by Mr. P. M. Bekker of the 
chemistry section. Solubility at ±42^C. : — 


Copper tartrate, 



In 0-25% HCl. 


0*44% 

0-64% 




Tn 1% HCl. 


I -80% 
1-44% 


Information on the acidity of the aboinasal contents of sheep 
appears to be scanty but it seems that the degree of acidity may vary 
from! about neutral to 0*1 per cent, or eA^en more (HCl) and would be 
highest in Ihe case of vsheep in active process of digestion. It also 
seems reasonable to conclude that wdien concentrates are fed and water 
is withheld there w’ould be a high degree of acidity. 

Further, the length of time the drugs remain in the abomasun» 
AA^ould be importani, since a long stay would afford greater opportunity 
for the drugs to become dissolved. In group 6 the drugs remained 
in the abomasum for 8 hours in one case and about 24 hours in 
another. Although these periods are abnormally long, a similar 
state of affairs may have obtained in some of the other sheep. 

One may therefore conclude that, if the degree of acidity in the 
abomasum is high the drugs will become dissolved to a fair extent. 
The dissolved drugs w'ould then be readily absorbed and may lead to 
poisoning of the sheep and furthermore they could not be effective 
against the nodular worms in the colon. The longer the drugs remain 
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in the abomasum the greater becomes this risk. Unfortunately we 
have no definite knowledge to-day in regard to the physiology of the 
abomasum and the factors which control the passage of ingesta 
through the pylorus on which one could base attempts to accelerate 
the passage of drugs through the abomasum. While starvation is 
obviously contraindicated, it would seem that the most favourable 
condition to be aimed at under the circumstances is that of normal, 
active digestion in which the ingesta pass through the abomasum and 
intestine at a reasonable speed. Water should not be withheld and 
fresh, green grass appears to have a favourable influence. 

If one has to deal with a reasonably short stay of the drugs in 
the abomasum, it may be possible to neutralise the acid for that period 
and this was therefore the next step contemplated. Both the drugs 
are relatively soluble in an alkaline medium, as can be readily shown 
in a test-tube. Since the amount of acid in the abomavsum varies 
within wide limits, a neutralising agent given in sufficient quantity 
to cope with a high degree of acidity would often be in excess if 
acidity is low and should then not produc e n sufficient degree of 
alkalinity to dissolve the drugs. The neutralising agent has therefore 
to be an alkaline substance which does not ionise to any marked 
extent. These requirements appear to be satisfactorily fulfilled by 
slaked lime (calcium hydroxide). Tests in the laboratory showed that 
when the drugs were added to dilute hydrochloric acid, the addition 
to the drugs of slaked lime in excess of the acid produced an almost 
neutral medium with no appreciable solution of the drugs, while 
sodium bicarbonate instead of slaked lime produced an alkaline 
medium and a fair proportion of the drugs became dissolved. Sub- 
sequent tests on sheep also showed that sodium bicarbonate did not 
improve matters while slaked lime brought about a definite improve- 
ment. 


Test No, 14. 


The following mixtures were tested: — 



Dose* for sheep — 


3-6 months. 

Over 6 to 
18 months. 

Over 

18 months. 

Mixiure /. 

Gramme. 

Gramme. 

Gramme. 

Copper arsenate, 2 parts 

0*3 

0-4 

0-5 

Copper tartrate, 5 parts 

0-7.5 

l-O 

1-26 

Mioctwre 11, 

Copper arsenate, 2 parts 

1-06 

1-4 

1-76 

0-3 

0-4 

0-6 

So^um bicarbonate, 3 parts 

0-46 

0-6 

0-75 

Copper tartrate, 5 parts 

0-75 

1-0 

1-26 

Mixture III, 

Copper arsenate, 2 parts 

Calcium hydroxide, 3 parts 

1-5 

2-0 

2-6 

0-3 

0-46 

0-4 

0-6 

0-6 

0-76 

Copper tartrate, 5 parts 

0-76 

1-0 

1-26 


1-6 

2-0 

2-5 


• Single doae, to be repeated the following day. 
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A flock of 523 sheep running on green grass, all well over 18 
months old, was treated as follows: — 

The poorest sheep were selected, some being in a very bad con- 
dition. This lot of 140 was divided into four groups: — 

(rro'ii'p 1 — 25 sheep, 24 hours without water, drank immediately 
before treatment. Mixture I. 

Group 2 — 48 sheep, 24 hours without water, drank immediately 
before treatment. Mixture III. 

Group 3 — 25 sheep, 24 hours w ithout water, drank immediately 
after treatment. Mixture I. 

Group 4 — 48 sheep, 24 hours without w^ater, drank immediately 
after treatment. Mixture III. 


The rest of the flock, in moderate to good condition, was allowed 
to graze and drink and some drank immediately before treatment. 

Group f) — 50 sheep, mixture I. 

Group 0 — 100 sheep, mixture II. 

Group 7 — 227 sheep, mixture 111. 

All the sheep were stimulated with 10 c.c, 2 per cent, copper 
sulphate and given a double dose, i.e. on two successive days. 


Groups 1-4 were kept in a suitable enclosure overnight after both 
treatments and the droppings show^ed that numerous nodular w^orms 
had been passed. The shepherd also reported that worms w^ere passed 
during the daytime up to three days after the second treatment. 
Groups 5-7 also vshowed nodular worms in many lots of faeces found 
in their pasture. The sheep of groups 2, 4 and 7 w-hich had received 
the mixture containing slaked lime show^ed no ill effects and definitely 
looked more lively than many of the other sheep did shortly after 
treatment. 


A day after the second dose one sheep each of groups 1, 3 and 6 
died of arsenical poisoning and during the following two days another 
two of group 6 died, thus showing apparently that the sodium 
bicarbonate was not satisfactory. 

From the number of worms passed by groups 1-4 it was obvious 
that a considerable proportion of the infestation had been removed 
from the fl^k, but whether the treatment^ had been effective in all 
cases, especially the very poor sheep, remained to be seen. The five 
poorest sheep were therefore selected from each of these four groups 
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(1-4) and slaught^^d. They harboured the following numbers of 
nodular worms (given in round numbers in the positive cases with a 
fair or heavy infestation); — 

Group 1—0, 0, 11, 50, 200. 

Group 2—0, 0, 80, 150, 200. 

Group 3 — 5, 20, 26, 120, 120. 

Group 4—0, 80, 100, 200, 200. 

This result would seem to indicate that, as has been mentioned 
before and was later confirmed, sheep in very poor condition are bad 
subjects for stimulation of the oesophageal reflex and that the 
efficiency of treatment depends not only on the drugs used but to an 
equal degree on the route of passage through the stomach. 

Another flock of 300 yearling lambs in moderately poor condition 
were treated, again using 10 c.c, 2 per cent, copper sulphate as 
stimulant and giving a double dose of mixture III. These lambs 
grazed on green grass and were allowed water freely. Many of them 
drank shortly after being given the first dose and also shortly before 
the second dose. During the night after the first dose many worms 
were passed. After having received the second dose the sheep were 
driven slowly to another farm and the owner reported later that no 
ill effects had been observed and the lambs had improved markedly. 


Test No. 15. 

A toxicity test was now made with mixture III as used in test 14. 
The sheep were in good condition and were fed dry hay and crushed 
maize. . They were kept from water for 24 hours before each treat- 
ment with the intention of getting them to drink immediately before 
dosing, but the weather was c^old and on both days only a few^ of the 
sheep drank a little. Again 10 c.c. 2 per cent, copper sulphate was 
used as stimulant. 

Group 1 — 7 sheep, each twice 3 gin. mixture III (copper 
arsenate 0*6, lime 0*9, copper tartrate 1*5 gm.). 

Grou/p 2 — 7 sheep, each twice 4 gm. mixture III (0*8, 1*2, 
2*0 gm.). 

Group 3 — 6 sheep each twice 5 gm. mixture III (1*0, 1*5, 
2*5 gm.). 

No ill effects were observed in any of these sheep . 

The day after the second dose one sheep of each group was 
selected which had swallowed one or both doses into the abomasum, 
as far as this could be ascertained from the appearance of the faeces. 
These three sheep were killed and carefully examined with the follow- 
ing results: — 

Group 1 — normal except for a very slight hyperaemia of the 
duodenum, which w^ould be of practically no consequence. 
Liver show^s a trace of arsenic, 

- Group 2 — normal. Liver shows a trace of arsenic. 
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Group 3 — a very slight hyperaemia of the abomasal mucosa 
and the anterior 15 cm. of the duodenum; of no practical 
importance. Liver shows a trace of arsenic. 

Test No. 16. 

A (ritical test with mixture III, giving the same doses as in 
test 14, was now made on some very poor sheep, using 10 c.e. 5 per 
cent, copper sulphate as stimulant. In the experiments on degluti- 
tion it had meanwhile been found that a stronger bluest one solution 
gave a better stimulus in such poor sheep. Some of the sheep died 
of poverty shortly after treatment w'hile the others were killed in 
deglutition tests and in every case the intestines were examined for 
the presen(*e of nodular worms. 


Age of sheep. 

Nodular 

worms 

passed. 

Worms 

remaining. 

Approximate 

efficacy. 

4-tooth 

6 

about 30 

0 


171 

30 

0*5 


82 

0 

1 

6-tooth 

212 

0 

1 

9 months ! 

48 

about 20 

0-5 

j 

177 

0 

1 

1 

1 

0 

1 


2 

2 

! 0-5 


10 

0 

1 


26 

0 

1 


157 

0 

1 


892 

82 

8-5/11^77% 





This result was not yet quite satisfactory, especially with regard 
to the older sheep. Some may have swallowed only one of the two 
doses into the abomasum. It was later found that 10 per cent, copper 
sulphate produced better results in deglutition tests. Further tests 
were made on farms wdth 5 per cent, copper sulphate as stimulant 
and using the same doses of mixture III as in test 14. In all cases 
the results were satisfactory*, i.e. many worms were passed and the 
sheep improved in condition. 

In one case the first opportunity arrived of treating young lambs 
of 3-4 months. They were in very poor condition, weak and rather 
small for their age. The lambs were separated from the ewes for 
four hours before up to three hours after treatment. A double dose 
of mixture III was given (each dose copper arsenate 0*3 gm., lime 
0*45 gm., copper tartrate 0 75 gm.). Of 80 lambs so treated 30 died 
within a fortnight. Unfortunately the owner made no observations 
w’ith regard to the cause of death and only reported the deaths a few 
weeks later. How^ever, the proportion of deaths w^as higher than in 
the untreated controls. The owner then treated another 60 lambs with 
a single dose. These passed many wwms and one death occurred about 
10 days after treatment, probably on account of weakness* 
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Since there appeared to be a certain degree of danger in using 
,the doses previously arrived at, it was decided to reduce the doses 
for young sheep and the following was now decided on: — 


1 

Dose for — 

3-6 months. 

Over 6 to 
18 months. 

Over 

18 months. 

Copper arsenate 2 

Calcium hydroxide 3 

Copper tartrate 5 

Dose No 

Gramme. 

0*2 

0‘3 

0-6 

Gramme. 

0-36 

0*54 ; 
0-9 1 

Gramme. 

0-5 

0- 75 

1- 25 

1 : 1*0 

2: 1-8 

3: 2-5 


Sheep in very poor condition should receive the next sinaller dose 
on the second day, very poor lambs only one dose. 

According to these measures about 2,000 sheep ol various ages, 
including young lambs, were treated on seven farms in different parts 
of the Union. The treatment was carried out by farmers with the 
assistance of Government Veterinary Officers. For stimulation 5 per 
cent, copper sulphate was used. No deaths occurred as the result of 
treatment. In some cases faeces were collected and the droppings of 
other sheep were examined where the animals had slept after tieat- 
ment. The impression was obtained that a large proportion of the 
infestation was eliminated. Incidentally it was noted that many 
Haemonchus contortus and Moniezia were also passed and heads of 
the tapeworms were recovered from the faeces in some cases. 

Meanwhile it had been determined that a 10 per cent, copper 
sulphate solution produced satisfactory stimulation even in very pcx>r 
conditioned, full-grown sheep and that 2*5 c.c. was sufficient for this 
purpose. It was therefore decided to test the efficacy of the treatment 
again with the stronger stimulant. 

Test No, 17. 

Ten 2-tooth sheep in very poor condition and rather dull, feeding 
on dry hay and crushed maize, not removed from water. Stimulant 
2*5 c.c. 10 per cent, copper sulphate. First day dovse No. 2, second 
day dose No. 1. 

According to faeces cultures made seven days before treatment 
all these sheep had nodular worms, though not severe infestations. 
Tw’^o had Haeinonchus contortus. They passed respectively 16, 9, 
62, 3, 17, 16, 20, 32, 23 and 203 (total 391) nodular worms. Three 
died six to fourteen days after treatment of poverty and had no 
woims left. Faeces cultures of the other sheep show^ed no residual 
infestation with nodular worms or Haemonehus except one culture in 
which a single oesopha^ostome larva was found. Some of these sheep 
were later again examined and treated but appeared to be free of 
nodular worms. 
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Unfortunately no older sheep in poor condition with nodular 
worm infestation were available for these tests. Such sheep are 
important as reservoirs of infection and therefore require to be 
cleaned. As a rule, however, it is the young sheep up to 2-tooth 
that suffer and for which a I'emedy is mainly reqiiired. Judging 
from the results obtained in deglutition tesis on old, poor conditioned 
sheep, it is very probable that two or three treatments would clean 
such cases, wdiile many would be cleaned already by one treatment. 

Test No. 18. 

Although test No. 17 had shown that one treatment may suffice 
for relatively young sheep, repeated treatments would probably be 
given in practice on farms and it was therefore considered desirable 
to test the safety of repeated treatments, at short intervals. 

A month after test No. 17 two of the sheep used in that experi- 
ment and another four of wffiicffi one was infested, were treated 
giving dose No. 2 each time. All these sheep were in very poor con- 
dition, the state which is rea(*hed by some sheep wdth nodular worm 
infestation when, even if the parasites are removed, the animals 
hang on and eiiher die after weeks or recover very gradually. The 
one infesled sheej) passed 31 nodular worms and none of the animals 
showed any adverse effects. 

A w’eek later the treatment was repeated, again giving full doses. 
No worms were passed and no adverse effects were noted. 

Another week later the same treatment was repeated and two 
new infested sheep, also in poor condition, were incdiided. These 
latter two passed all their nodular w^onns. Again no ill effects were 
noted . 

It appears therefore that treatment can safely be repeated at 
short intervals, although in practice intervals as short as seven days 
would rarely be contemplated. 

Discussion. 

If the results are considered together with the work done on 
stimulation of the oesophageal reflex, which ran parallel, it becomes 
quite clear that the question of deglutition is an important part of 
the treatment against oesophagostomiasis and that it will be equally 
important in the chemotherapy of other gastro-intestinal w^orm 
diseases of ruminants. 

The mixture of copper arsenate, calcium hydroxide and copper 
tartrate appears to fulfil the requirements of an effective remedy 
against nodular worm in sheep. If the remedy does not have the 
desired effect, the evidence appears to show’^ that deglutition into the 
abomasum w^as not satisfactory. 

The remedy appears to stimulate secretion of mucus in the colon, 
so that in many cases the faeces become soft or mixed with a fair 
amount of mucus and sometimes a sheep may even pass a mass of 
mucus. In a few cases it has been observed that live nodular worms 

433 



CHEMOTHERAPY OF OESOPHAGOSTOMIASIS IN SHEEP. 


were passed with such mucus, as may be expected. The remedy does, 
however, not act by virtue of this property, since in many of the 
cases on which careful observations w’ere made the worms were passed 
in normal or slightly pasty faeces. 

It may be necessary to explain why the idea of double dosing 
was adopted. The reasons will be given in order of their estimated 
importance; — 

1. In the case of a parasite with feeding habits such as those 

of Oe$(yp}i4igosto7naim columhiwnum and a drug which 
probably acts as an internal poison it appears desirable 
to have a long period during which action of the drug on 
the parasite is possible. 

2. Since the oesophageal reflex cannot yet be stimulated in 

100 per cent, of cases, but in well over 50 per cent., and 
since the efficacy of one of the doses is very probably more 
than half that of the tw^o doses, some sheep w^hicli swallow^ 
one dose into the rumen may sw' allow the other into the 
abomasum and the total result in a flock will be better 
than if a single large dose is given. 

3. The total quantity of the drugs administered can be greater 

and each dose smaller than one single dose. 

It is not claimed that a completely satisfactory remedy has been 
found for oesophagostomiasis in sheep. Further tests on a large 
scale will have to show w^hat degree of efficacy can be obtained under 
different conditions and whether certain yet unknown factors may 
not introduce an element of danger. Moreover, further possible im- 
provements with respect to stimulation of the oesohageal reflex may 
improve the results. It is, however, expected that a few^ treatments 
at the correct time of the year will stop ihe disease and lead to satis- 
factory control of the parasite, particularly if treatment is carried 
out with a view to removing the source of infection at a suitable 
season. 

The Department of Agriculture has decided to issue to farmers 
about half a million double doses of this remedy for the purpose of 
a test. The directions for use issued with the remedy are given 
below and from these it can be seen in which w^ay it is intended that 
the remedy should be used in the tieatment and (‘ontrol of the disease. 
It might be added here that the disease is mainly important in areas 
with a summer rainfall (October to March) and a relatively dry 
winter. 

With regard to costs it may be stated that, if the remedy should 
prove satisfactory and is later issued on a large scale, it is expected 
that the costs should not be higher than about Is. jier 1.00 double 
adult doses. 

I would like to express my thanks to Drs. Malan and Graf and 
other members of the Chemistry Section for making the copper 
arsenate and copper tartrate used in these tests and for assistance in 
various other ways. 
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SXJMMABY. 

1. Chemotherapy for oesophagostomiasis muHt be based on the 
administration of the remedy into the abomasum. At first a 1 per 
cent, coppei* sul])hate solution was used for stimulation of the 
oesophageal reflex, then higher coneentrations until finally satisfac- 
tory results were obtained with 2-r) c.c. of a 10 per cent, solution. 

2. Preliminary tests were made with 15 different chemicals 
which had either previously given indications that they may be 
effective, or appeared, according to their chemical and physical pro- 
perties, to be suitable. Of these copi)er arsenate and copper tartrate 
gave rather outstanding results. 

d. Both these drugs were found to be dangerous in doses which 
would be large enough to effect a cure. An overdose of copper arse- 
nate leads to arsenical poisoning while an overdose of copper tartrate 
leads to copper poisoning. 

4. A mixture of the two drugs produced variable results which 
were found to be connected wu’th the variable amount of acid in the 
abomasum. ' Since the drugs are relatively soluble in acid and alka- 
line media, high stomach acidity w’ould cause solution and absorption 
of the drugs with consequent poisoning of the sheep and little or 
no effect against the parasites. Calcium liydroxide was found to he 
a suitable (‘orrective and was incorporated in the mixture. Effective 
doses of this mixture were found to possess, a suitable degree of 
safety, even if treatment is repeated at relatively short intervals. 

5. Taking into account all ages and conditions of sheep, the 
efficacy of one treatment, i.e. a dose on eacli of tw’o successive days, 
is expected to reach at least 75 per cent. If only young sheep under 
2 years of age are treated the efficacy will be considerably higher. 

(). It has incidentally been observed that the mixture has a fair 
degree of efficacy against Ilaemonch us rontortus and Moviezia 
ejcpansa, 

7. Measures for treatment and prevention of oesophagostomiasis 
by means of a suitable remedy under South African conditions are 
outlined. 


Ai)i)KXJ)rM. 

The following information is available wdth regard to the test 
referred to above : — 

Reports have been received on 9‘1,2()3 sheep treated by 103 
farmers. The t^)tal losses registered after treatment are 231 or 0*245 
per (*ent. Most of the sheep were in poor condition and w^ere grazing 
on dry f)aature. In some cases the deaths w^ere definitely due to the 
treatment ; one flock which was affected had been starved ; in a few 
cases the powder w*as inhaled and in some other cases the deaths 
were due to weakness and would probably have occ urred in any case. 
In two cases, accounting for losses of 30 and 28 sheep res])ectively, 
the sheep were receiving fairly large rations of crushed maize. Prom 
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observations made it appears that crushed maize or other grain 
frequently reaches the abomasum from the fore-stomachs and there 
is then a tendency towards retention of the abomasal contents until 
the grain has been softened and broken up. This dietetic factor seems 
to be of considerable importance in causing stagnation in the 
abomasum, which is dangerous in connection with this treatment. 

A few farmers were not satisfied with the efficacy of the remedy 
since only a small number of worms w'ere observed to be passed or 
some sheep killed after treatment still had a residual infection. The 
large majority, however, reported that large numbers of worms had 
been passed and they were well pleased with the result. In 
several cases it was reported that deaths due to oesophagostomiasis 
stopped immediately and with few exceptions the reports contain the 
statement that the sheep improved markedly after treatment. It 
was also noted in several cases that the animals started to feed much 
better than before from the day after the administration of the 
second dose. 

From the experience gained the following appear to be impor- 
tant points to observe and these are being incorporated in the direc- 
tions for use of further issues of the remedy. 

1. The sheep should get no grain ration or salt lick from two 

days before until a day after treatment. 

2. The sheep should have access to water immediately before 

being dosed. 

3. If the pasture is dry it is very desirable to allow green 

food for a few hours before each dosing. 

4. In order to prevent inhalation the powder should be ad- 

ministered immediately after the bluestone solution, so 
that it reaches the pharynx , when the sheep has closed 
the glottis in preparation for swallowing the bluestone 
solution. 
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APPENDIX. 


Nodulah Wohm Remedy; Dibbotions bob Use. 

The remedy is issued in tins which contain a sufficient quantity for single 
IS months, or 140 sheep between 6 and 18 months, 
or 2&J Iambs of 3 to 6 months. 
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Method of Treatment. 

The sheep must not be kept from food or water before treatment and 
may graze again immediately after treatment but should have no water for 
1-2 hours. They may also be treated towards evening and then remain in the 
kraal overnight. 

Suckling lambs must not have a drink four hours before and four hours 
after treatment. 

The efficacy of the remedv depends on its being swallowed directly into the 
fourth stomach and this is brought about by administering a small quantity 
of bluestone solution immediately before the remedy. The moment the blue- 
stone reaches the throat of the sheep the large stomach closes and remains closed 
for 15 secx3nds. 

The treatment therefore consists of two parts as follows: — 

1. The spoon marked X is filled with a 10 per cent, bluestone solution — 

to prepare this dissolve 1 pound bluestone in 1 gallon of water, or 
2 ounces to 1 pint water, or 2^ ounces to 1 bottle water — open the 
sheep’s mouth well and pour the bluestone alongside of the tongue 
so that it runs down into the throat. For small lambs a £ spoonful 
is sufficient. 

2. The correct measuring spmm is filled with the remedy beforehand and 

is kept ready to be emptied on to the back of the tongue immediately 
after giving the bluestone, without having closed the sheep’s mouth. 
Directly after the administration of the powder the mouth is closed 
and the sheep released. 

The vsheep have to get a double dose of the remedy and are therefore 
treated in the same way on two successive days. 

Before using the remedy it is desirable to empty, the contents of each tin 
into a suitable receptacle and to stir it well. 

A quantity of the powdei is then placed into the tin with the crossbeam 
(as used with Government Wireworni Remedy and obtainable from the Labora- 
tory). The correct measuring spoon is filled lightly, without pressing against 
the side of the tin, and scraped off level against the underside of the cross- 
beam. 

The remedy is administered by means of the measuring spoon. Should the 
spoon become wet and the powder cling to it, it must be wiped. The following 
are the correct doses: — 

For lambs 3 to 6 months, spoon No. 1. 

For lambs over 6 to 18 months, spoon No. 2. 

For sheep over 18 montks, spoon No. 3. 

Sheep wliich are very weak or small for their age should get a smaller 
dose on the second day, e.g. a 2-tooth sheep first day spoon No. 3 and second 
day spoon No. 2. Weak lambs are dosed ont'e only. Lambs under 4 months 
should not be dosed unless it is really necessary. 

Results of Treatment. 

The remedy causes much slime to be formed in the large intestine and 
the droppings therefore often contain much slime after treatment and have a 
bhie-green colour due to the remedy. It is expected that one treatment (double 
dosing) will remove at least three-fourths of the worms and many sheep will 
be clean. It has also been noticed that the remedy is effective against wire- 
worms and tapeworms in sheep. 

When and how often to Treat. 

In order to understand this properly, the life-cycle of the nodular worm 
explained. The worm eggs are passed in the droppings of the sheep 
and hatch in the pasture if it is moist and warm. The small worms are ready 
to infect sheep after a week and can live in the pasture for several months. 
In winter when it is dry the pasture becomes clean, because the eggs and young 
worms are killed by the prolonged drought. Infested sheep are the source of 
infection for the next summer. (They snould therefore be cleaned during the 
winter.) 
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When the young worms are swallowed by a sheep they bore into the wall 
of the intestine, causing the well-known nodules to develop. Here they may 
stay for 5 davs to 3 months, then they return to the inside of the gut, pass 
to the large bowel where they grow adult and begin to lay eggs after about 
5 weeks. (One treatment therefore does not clean sheep, since the young 
worms in the nodules are not killed.) 

The sheep therefore infect the pasture w'hen the rainy season starts and 
they themselves become further infected during the summer. When the pasture 
becomes dry and feeding poor about April, the sheep begin to die of the worms 
which they harbour. (They should therefore be treated before this time arrives.) 

The following is therefore recommended: — 

1. Badly infested sheep may be treated at any time of the year to cure 

them and three treatments with intervals of 4-6 weeks are necessary. 
(It will, however, do no harm if the sheep are treated a few times 
at intervals of 2 weeks.) 

2. Under ordinary circumstances it will suffice to treat every six weeks 

from January or February until July. The first few treatments are 
to cure the sheep before they should die in April-May. The further 
treatments are to clean them thoroughly during the winter, so as to 
remove the source of infection for the following year. 

3. Tt is expected that after a few j^ears of tp.atment as indicated 

under 2, the nodular worm as a pest will disappear. In order to 
prevent further trouble it is strongly recommended that sheep should 
then still be dosed annually three times with intervals of six weeks 
between the months of April and July. 

Wireworms . — Sheep may be dosed for wireworms a fortnight before or 
after dosing for nodular worm. Since the nodular worm remedy kills wire- 
w^orms fairly effectively, the usual treatment for wireworms can be carried out 
under scheme 2 outlined above each third week after a treatment for nodular 
worm. At other times sheep should be dosed for wireworms throughout the 
year at intervals of 3 weeks, or in very w’’et summer months every 2 weeks, 
using the ordinary wireworm remedies. 

Special Measures. 

Fices. — Tt is not advisable to treat ewes from about a month before lambing 
up to about a fortnight thereafter. Pregnanf ewes must be handled carefull> . 

The sheep should not be chased about unduly during or after dosing and 
it is desirable to use a suitable crush for dosing. 

As the remedy is poisonous it slfould be handled carefully and sheep should 
not get more than the doses recommended. 

Lasting Properties op the Powder. 

The powder does not decompose or lose strength, but it is advisable to keep 
the tins well closed and to store them in a dry place. 

Price-list. 

Tins of powder containing 100 single doses for sheep over 18 months, each 
Is. .3d. (for one treatment of 100 adult sheep two such tins are required). 

Measuring spoons — set of 4 (X. 1, 2 and 3), 5s.; single spoons, Is. 3d. 
Measuring bowl with crossbeam, 6d. each. Post or rail-free to any post ol 
the Union. 

These articles are delivered only for cash or c.o.d. by rail or post. Orders 
to be addressed to the Director of Veterinary Services, P.O. Onderstepoort, 
Pretoria. 

All Laboratory products are carefully tested before issue but are issued 
solely at buyer’s risk. The Gkivernment cannot be held responsible for any 
losses or accidents which might possibly occur after their use. 

N,B . — Empty tins should not be returned. 
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The Toxicity of Pumpkin Seed 
(Cucurbita pepo L.)> 


By DOUW G. STEYN, B.Sc., Bu.Med.Vet. (Vienna), D.V.Sc., 
Veterinary llesearch Officer, Onderstepoort. 


Tins investigation was prompted by the fact that recently a report 
was made by a farmer in the Volkarust district that his sheep, which 
were running on a land littered with “ boer pumpkins developed 
symptoms of paralysis and died. The animals were feeding extensively 
on the pumpkins and were also eating the vseed. Stockowners have 
repeatedly suspected pumpkin seed of causing ‘‘ craziness and 
symptoms of paralysis in stock, ostriches and poultry. 

The follcjwing experiments were conducded with the seed, which 
was freshly removed from mature “boer pumpkins — 

(1) A one-year-old sheep (No. 40623, weighing 22 kg.) received 
400 grams of the fresh seed j)er stomach-tube daily on three con- 
secutive days. 

Hcsuli, — On the ihird day of the experiment the animal showed 
diarrhoea. It showed no symptoms of illness and was feeding well. 
On the third day after the last dose the animal appeared to be in 
normal health again. 

(2) Rabbit A (1*9 kg.) received 20 grams of the fresh seed 
per stomach-tube daily on three consecutive days. 

(3) Rabbit B (1*8 kg.) received 40 grams of the fresh seed per 
stomach-tube daily on three consecutive days. 

Result . — The animals developed no symptoms of poisoning. 

It should be mentioned that the entire fresh vseed was minced and 
drenched with water. 


lilTEHATt’RE. 

It is well known that pumpkin seed has been and still is being 
used as a taenicide both by medical practitioners and laymen. For 
several decades the seed has been recognized as a tapeworn remedy 
by the United States Pharmacopoeia. Its anthelminthic action is, 
however, doubted by some investigators. It should, however, be 
mentioned that others apparently achieved success by treating cases 
ol tapeworm with pumpkin seed. In 1875 Heckel (Power and Salway, 
1910) was able to expel tapeworms by means of the membrane sur- 
rounding the embryo. He believed the active principle to be a resin. 
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Wolff (Power and Salway, 1910) found this resin to be an efficient 
taenifuge in doses of 1*6 gram. Power and Salway (1910) isolated 
a fatty oil and a resin from fresh pumpkin seeds obtained from the 
United States. T)r. Dale, Director of the Wellcome Research Labora- 
tories, found that doses of JiO c.e. of the fatty oil, isolated by Power 
and Salway, had no effect? on tapeworms in dogs Also the resin 
in doses of 0-9 gram had practically no effect on tapeworms in these 
animals. In addition to these experiments several medical practi- 
tioners administered 15 to (iO c.c. of the oil and 1*0 gram of the 
resin to human beings suffering from tapeworms without achieving 
any results. In a later publication by Power (1912) he again refers 
to the value of pumpkin seed as a taenifuge, and states there are no 
grounds for the incorporation of the seed in the pharmacopoeia. Raih 
(1929) mentions the following cases: (a) Slop determined as early as 
1881, that 150 to 200 seeds, or 15 to 20 grams of the oil contained 
in the seed, provide a safe means of expelling tapeworms. He 
stressed the point that the i)umpkins should he grown in a warm 
climate, (h) In 1885 Hartwich investigated the anthelminthic pro- 
perties; and (c) in 1915 Stefanowicz reported that he had treated 
fifty cases of infections with Taenia saginata and Taenia solintn 
with pumpkin seed, and that in one case only was it necessary to 
repeat the treatment. 

Weiss (1928) states that he was able to remove Taenia mginaia 
from himself with pumpkin seed. The head of the tapeworm was also 
expelled a few hours after he had taken 200 shelled seeds followed by 
a dose of castor oil. The treatment with pumpkin seed was a])plied 
after an unsuccessful attempt to remove a tapeworm with fihnaronir 
oil. He also mentions other cases of tapeworm infections which were 
treated successfully wdth pumpkin seed. He recommends the seed as 
a safe and efficient tapeworm remedy in doses for adults of from 
150-200 seeds. They must be fresh, and must be taken macerated 
into a porridge with milk. Castor oil should be administered about 
an hour after the seeds were taken. It is stated that the ingredient 
(or ingredients) responsible foi^the expuhsion of tapeworms is situated 
in the thin greyish layer underneath the shell of tlie seed. Rath 
(1929) failed to confirm this contention. The seeds should therefore 
be carefully shelled so as not to remove this layer. 

Rath (1929) conducted some experiments with pumpkin seed 
upon a vSinall earthworm, Allolophora foetida. Rath extracted 
from the seed an oU, which he found to he very poisonous to the 
earthworms, an emulsion of 1 ;500 with water killing earthworms in 
8-4 hours. After extraction with ether, petroleum ether, or alcohol, 
the seed residue was found to be non-poisonous to earthworms. 

Wehmer (1929) gives a full account of the chemical composition 
of the pumpkin and its seed. 

The use of Melon pumpkin seed ”, the fresh seeds of Cvcur- 
hita marima Duchesne, as a taenifuge is mentioned in The British 
Pharmaceutical Codex, 1934, p. 374. It is stated that its use should 
be preceded by the administration of a saline purge, and followed 
by a dose of castor oil. 

Immelmann (1933) also reports favourably on the use of pumpkin 
seed as a taenifuge. 
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Summary. 

(1) No experiiiieiitnl evidence was obtained to suppoi't the con- 
tention that pumpkin seed produces i)aralysi8 in stock. A young 
sheep dreiK^hed with large amounts of fresh seed developed transient 
diarrhoea. It is possible that pumpkins grown in dift'erent areas differ 
in their effects on stock. 

(2) The evidence found in the literature in regard to the value 
of the seed as a taenifuge is contradictory. It is possible that the 
ingredient (or ingredients), which is responsible for the effect of the 
seed as a taenifuge, varies in the specimens of pumpkin grown in 
different areas. 

(d) The fatty oil and the resin contained in pumpkin seed appears 
to be non-toxic to animals and human beings when given in moderate 
doses. 
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The Occurrence of Cyanogenetic Glucosides in 
South African Species of Acacia, 


11. Determination of the Chemical Constitution 
of Acacipetalin. Its Isolation from Acacia 
stolonifera, Burch. 
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Fellow under the Empire Marketing Board. 


Stkyn and lliMiNGTON (1935), in the first • paper of this series, 
reported the occurrence in several South African species of Acacia 
of significant quantities of cyanogenetic substances. Among the 
species investigated, Acacia lasiopetala Oliv., and Acacia stolonifera, 
llurch. were found to yield the largest quantities of prussic acid. 

The glucoside was isolated from the former species and shown 
to correspond with none of the known cyanogenetic glucosides. It 
was proposed to name it Acacipetalin. 


In the present communication are recorded improvements in the 
method of preparation and also the isolation of Acacipetalin from 
Acacia stolonifera (see Fig. 1). 

The constitution of Acacipetalin has been elucidated. It is the 
glucose ether of dimethylketenecyanhydrin. 


CH3 

CH3 


>c = c< 


CN 

0-C,Hu06 


The only reference to the presence of cyanogenetic glucosides in 
species of Acacia, other than those studied by Steyn and the present 
writer, is contained in the work of Finnemore and Gledhill (1928) 
and Finnemore and Cox (1930). The latter isolated the glucoside 
sambunigrin, benzaldehyde-cyanhydrin glucose ether, from the 
Australian species Acacia glaucescens and Acacia cheelii. As 
pointed out by Steyn and Rimington, the South African species of 
Acacia belong, botanically, to a different group in the genus than do 
the Australian species, and it is therefore of very great interest to 
find that the glucoside contained in Acacia lasiopetala and Acacia 
stolonifera (the only two species so far studied) is in no way related 
to sambunigrin. 
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Accompanying acacipetalin, the substance Pinit, inositol mono- 
methyl ether, was found in Acacia lasiopetala. 



I — Acacia Stolovifeta, Bunh ^ niitinal size 


Improvements in jhe Method of Isolation of Acacipetalin. 

It is presumably ' the presence of Pinit in 'the Acacia species 
studied which renders the isolation of the cyanogenetic glucoside 
so difficult. Pinit, or inositol monomethyl ether,, has solubilities and 
physical properties very closely resembling those of Acacipetalin. 
Thus, both are very soluble in water, sparingly soluble in hot 
ethyl acetate and insoluble in ether, chloroform or benzene. Whilst 
the glucoside is sparingly soluble m hot absolute alcohol, however, 
pinit is practically insoluble in this solvent and it was by means of 
this difference that their separation was originally achieved before 
the identity of the non-glucosidal substance was known. 

Since pinit can be precipitated by basic lead acetate and 
ammonia, it was hoped that a more rational separation .could be 
accomplished by the use of these reagents. The surmise was 
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justified although some glucoside was lost in the lead precipitate. 
Thus, a residual syrup, from Acacia stolonifera, J?iving strongly 
I>o8itive gluoosidal reactions, hut from which nothing could be 
induced to crystallise, was dissolved in water and 1 gm. of cadmium 
nitrate added, followed by 5 c.c. of saturated basic lead acetate 
solution and sufficient ammonia to cause complete precipitation. 
The precipitate was removed and excess of lead precipitated from the 
filtrate by hydrogen sulphide. The filtered liquid was neutralised, 
a little solid calcium carbonate added and evaporated to dryness upon 
the water bath. The residue was exhausted with hot ethyl acetate 
from which a quantity of glucoside separated in crystalline form as 
the solution cooled. 

Another modification tried out was the process described by 
Herissey (1932) as a general one for the extraction of glucosides, 
successful in many cases where ordinary methods failed. 

An extract of Acacia lasiopefala was made with boiling 96 i)er 
cent, alcohol, the alcohol removed in the presence of a little c>alcium 
carbonate by vacuum distillation and the residue taken up in winter 
(volume equal to the weight of plant taken) and filtered. By trial 
upon an aliquot, diluted, the quantity was determined of basic lead 
acetate solution necessary for complete precipitation. This amount 
was then added to the main bulk plus about 10 per cent, in excess. 
Anhydrous sodium sulphate was then stirred in, using 1 gm. to every 
0*75 c.c. of basic lead acetate solution (or 1 gm. to each 1 c.c. of 
original extract) followed by calcium carbonate in the proportion 
0*25 to 0-5 gm. for each 1 gm. of sodium sulphate. The mixture 
was well stirred at intervals and when sufficiently solid was spread 
out on a large tray to dry. Dehydration was completed in the vacuum 
desiitcator. The ])owdered mass was then introduced into a Soxhlet 
thimble and continuously extracted with boiling ethyl acetate. From 
the extract, some glucoside cry^stallivsed on cooling and a further 
quantity was obtained by evaporating to dryness, redissolving the 
deeply coloured residue in water, decolorising by charcoal, evapora- 
ting and again extracting the dry residue with successive portions of 
boiling ethyl acetate. ITerissey’s method gave a yield slightly 
better than that previously obtained. 

Possibly the best procedure was a simple modification of the 
method outlined (Steyn and Rimington, 1935), but even so, the 
yield fell far short of that theoretically obtainable. 

The lead precipitation was carried out in the presence of cadmium 
nitrate and ammonia and the clarified extract treated as previously 
described. Having obtained the ether-alcohol filtrate and evaporated 
off the solvents, a little water >va8 added to the residue followed by 
much decolorising charcoal and a little calcium carbonate.. The mass 
was then dried as thoroughly as possible, powdered, introduced into 
a Soxhlet thimble and extracted by hot ethyl acetate. A perfectly 
colourless ethyl-acetate solution was thus obtained, from which 
crystals separated on. concentrating and cooling. They were re- 
crystallised from absolute alcohol-ether* 
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Pinit the impurity accompanying the glucoside in the final 
ethyl-acetate solutions was separated by means of its insolubility in 
boiling absolute alcohol. It crystallised in wedge-shaped prisms and 
had M.P, 184°, Micro-analysis* afforded the following figures; 


C H N 

Found 43-41 7-06 Nil 

C,H„0. requires 43*30 7*22 — 

The optical rotatory power was determined in a 2 dm. tube 
usin^ an aqueous solution : 


Wt. of substance.. 
Volume of solution 
Rotation observed. 



0‘0978 gm. 

Ie5 c.c. 

4-0-78° 

0-78 X 100 X 15 

f 

2 X 9-78 


- 4 59-8° 


The constants for pinit are M.P. 186° and ~ 4 55-3. 

The isolated material was found to reduce ammoniacal silver nitrate 
on heating. Pinit occurs in the following plants : Pinus lambertimia 
Dougl.; Abies pectmata, D.C. Cassia angustifolia Vahl., Landolphia 
madagascariensisy Schuin., Sequoja sempervirens Endl. 

Its constitution is : — 


HOHC 

HOHC 


CHOCH 3 

0 CHOH 
CHOH 
CHOH 


Isolation of Acacipetalin fkom Acacia stolo?ufera, Buhcii. 

Qualitative tests performed by Steyn and Ilimington (1935) 
showed that both the fresh leaves and immature pods of Acacia 
stolonifera contained .appreciable quantities of cyanogenetic sub- 
stances. 

A larger batch of material was gathered in the same locality 
(Wonderboompoort, ne^r Pretoria), on 20th April, 1934, when the tree 
was in the seeding stage. The leaves, when dried and ground, 
yielded 62 mgm HCN per 100 gms. 1 kg. of the powdered material 
was exhausted with hot 96 per cent, alcohol in the presence of a 
considerable quantity of calcium carbonate. The extract was con- 
centrated under reduced pressure and then by the fan to dryness. 
The residue was taken up in water, filtered, basic lead acetate added 
and then 20 gm. of cadmium nitrate, dissolved in water, and 
sufficient ammonia to produce complete precipitation. The liquid was 

* Micro-analyses by Dr. Baekeberg, of the University of the Witwatersrand, 
to whom 1 wish to express my thanks. 
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filtered, neutialised by acetic acid and excels of lead removed by 
hydrogen sulphide. After removal of the lead sulphide and excess of 
gas, the clear solution was concentiated in piesence of calcium 



Fig. 11(a ) — iiacippfahn cijstallised from ahs alcohol-ether X 65 



carbonate, first in vacuo and then by the fan, until it formed a thin 
syrup. A considerable quantity of decolorising charcoal and calcium 
carbonate were now stirred in until the mass was no longer sticky. 



OCCURRENCE OP CYANOGENETIC GLUCOSIDES IN S.A. ACACIA. 

It was spread out in thin layers and dried first in the air and then in 
vacuo over sulphuric acid. It was finally powdered, introduced into 
a soxhlet extraction thimble and continuously extracted by boiling 
ethyl acetate for two days. As a precautionery measure some 
calcium carbonate was placed in the bottom of each extraction flask. 

The pale, straw-coloured extracts were combined and concen- 
trated. On cooling a large crop of crystalline glucoside separated 
and further crystals were obtained after concentration of the mother 
liquors. The material was w’ashed with dry ice-cold ethyl acetate 
and dried in vacuo. Einal recrystallisation by the absolute alcohol- 
ether method yielded an analytically pure substance wdth M.P. 
176-7®. The yield was 1*12 gm. or about 20 per cent, of that 
theoretically possible. 

From a further large batch of young leaves gathered from the 
same tree on 31st November, 1934 (i.e. in the spring), a yield of 
10*69 gm. of Acacipetalin was obtained. 

The glucoside crystallised in colourless six-sided prisms (see 
Figs II) had M.P. 176-7® and possessed a bitter taste. It resembled 
in all respects Acacipetalin from Acacia lasiopetala. 

Micro-analysis : — 

C H N 

Found 51*17 6-72 5*35 

CiiHi^OeN requires 50-78 6-59 5-43 

The optical rotatory power, determined in a 2 dm. tube, agreed 
with the value (-35*96) previously found for Acacipetalin from 
Acacia lasiopetala (see Steyn and Rimington). 

C == 0*25 gm. in 15 c.c. water, 
a- ^1-22° 

- 1-22 X 100 X 15 

2 X 25 
= - 36 * 60 ^=^ 

Constitution of Acacipetalin.. 

Acacipetalin possesses a somewhat remarkable constitution. On 
account of the unstable nature of the aglucone, it does hot yield, on 
hydrolysis, an aldehyde or ketone together with hydrogen cyanide as 
do most cyanogenetic glucosides. Alkaline, followed by acid 
hydrolysis was found ultimately to provide the key to the solution 
of its structure. The various steps by which the final conclusion 
was arrived at are detailed below. 

1. Efnpirical forrmila. 

Micro-analysis of different preparations . afforded figures agree- 
ing most closely with This was also shown to be the 

molecular formula from molecular weiglit determinations (see below). 
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Such a formula would demand that the aglucoue formed when one 
molecule of g-lueose and one molecule of hydro^j^en cyanide are 
removed should have the composition OilTcO. This represents an 
unsaturated compound, there bein^ some five or six isomeric 
possibilities. Had the original formula for the glucoside contained 
two more hydrogen atoms, making CnHiaOeN, a saturated aglucone 
C 4 Ht,(J would be indicated by suitable calculations. Only three 
possibilities would then have to be considered, normal and iso-butyl 
aldehydes and methylethylketone. 

Degradation experiments proved conclusively that neither of 
these three substances w’as formed so that the formula CuHiyOgN, 
cun be accepted as correct. The analytical data agree more closely 
with this than with thus: — 

C H N 

CiiHigOeN requires. .50-39 7-31 5-38 

CiiHi70eN „ 50-78 6-59 5*43 

Found... 50*94 6-68 5-45 (A. lasiopetala) 

51-17 6-72 5-35 {A, stohnifera), 

Melhoxyl groups, CII3O, were tested for but found to be absent. 
12. Molecular Weirjhi. 

This was determined in water by the cryoscopic method and 
found to support the simple formula 

Weight of glucoside 0-250 gm. 

Weight of solvent 14*9 gm. 

Observed depression 0*120; 0-125 

M. Wt. = 258*6 ; 248-3 

CiiHi 70 gN requires 259 

3, Identification of Glucose and llifdrogen Cyanide : enzyme 

hydrolysis, 

0 1400 gm. of Acacipetalin was dissolved in 15 c.c. of water and 
about 1 mgm. of an active emulsin preparation added. The tube was 
stoppered, including a piece of sodium picrate paper, and left over- 
night in an incubator at 37^. 

The picrate paper was rapidly turned reddish-brown as 
hydrolysis proceeded. Hydrogen cyanide was also detected by the 
Prussian blue test. 

The hydrolysis mixture wus filtered into a 2 dm. tube and its 
optical rotatory power measured. It was found to be 4- 0*71® and 
fpm this the quantity of sugar present was calculated on the assump- 
tion that it was entirely glucose. 

0-71 X 15 

0-1014 gm. glucose present. 

62-5 X 2 

Theory requires 0*1007 gm. 
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The osazone was prepared in the usual way and isolated as 
sheaves of yellow needles; wt. 18 mgm. 

It was recrystallised from dilute aleohol-pyridine and obtained 
in stellate clusters of needles, M.P. 204*5-205^. 

Mixed with authentic glucosazone of M.P. 204^, the melting 
point was undepressed 204-5^. 

Micro-analysis : — 

N 

Found 15*39 

C13H22O4N4 requires 15*64 

It is thus cle^r that Aeacipetalin contains one molecule of 
glucose and is a /3-glucoside since it is readily hydrolysed by the 
enzyme emulsin. 

4'. Detection of cu^etone among the products of enzymic hydrolysis. 

On the expectation that Aeacipetalin would yield a simple 
aldehyde or ketone on hydrolysis, derived from the break-up of a 
cyanhydrin, attempts were made to isolate this material as the 2!4 
dinitrophenylhydrazone. 

A solution of 60 mgm. of glucoside in 10 c.c. of water was 
hydrolysed by emulsin and the mixture distilled from a small 
distilling flask into an ice-cooled receiver containing a little water. 
Sufficient hydrochloric acid was added to the distillate to bring to 
2N concentration and then 5 c.c. of hot Brady’s solution (0*5 gm. 
2!4 dinitrophenylhydrazine dissolved in 30 c.c. of 2N hydrochloric 
acid). 

A small quantity of precipitate formed. This was centrifuged 
down, washed well with 2N acid and then with water and finally 
recrystallised from hot 60 per cent, alcohol. The material separated 
in the form of long orange-coloured needles together with plate-like 
-crystals of a lighter colour. This appearance is characteristic of the 
2:4 dinitrophenylhydrazone of acetone. The yield was 10 mgm. 

The material had M.P. 124®. 

Mixed with authentic acetone 2:4 dinitrophenylhyrazone of 
M.P. 124® it had M.P. 123.4®. 

Micro-analysis : — 

C H N 

Found 46*23 4*30 22*87 

C2H10O4N4 requires. . . . 45*37 4*20 23*63 

The substance i>re8ent was therefore acetone. 

Since this result was somewhat surprising, its accuracy was 
checked by running a control experiment in which emulsin and 
water were incubated. On distillation no trace of any substance 
reacting with Brady’s reagent could be detected. The acetone had 
not originated therefore from the enzyme. 
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A sec'olul experiment was performed in wliieh the distillate from 
a hydrolysis mixture was treated with p-nitrophenylhydrazine. A 
small (juantity of a micro-crystalline p-nitrophenylhydrazone was 
obtained which when recrystallised from dilute alcohol separated in 
the form of yellow needles with M.P. lf‘W-144^. Authentic acetone 
p-nitrophenylhydrazone prejiared for comparison had M.P. 144-f5® 
and the mixture melted without depression at 139-145^. 

The /i-«*luc.oside of acetonecyaiihydrin is the well known suh- 
staiK'e linaniarin whose properties are quite different 

from those of Acacipetalin. The latter, moieovei*, contains one more 
carbon atom in its molecule. The produc tion of acetone on enzymic 
hydrolysis was at this sta^e difficult to interpret, hut it was noted that 
the yield was very small and that other substances of an acidic nature 
were prodiu^ed. It was considered possible that the cyanide group 
might be attached to the glucose molecule in the form of glucose- 
cyanhydriu (as in the naturally occurring cyanogenetic glucoside 
Jjotusin), although the ready hydrolysis of Acacii)etalin by emulsin 
rendered this hypothesis somewhat improbable. The aglucone would 
have to be attached to the glucose in some other way than through 
the aldehyde group and no compound of such configuration is known 
to be hydrolysed l)y emulsin. 

Nevertheless, alkaline hydrolysis of Acacipetalin was carried out 
and heptogluconic acid sought for. No trace of this substance could 
be isolated, 

A further possibility entertained was that the acetone isolated 
after distillation of the enzymic hydrolysate was being formed from 
some or other heat-labile precursor. Accordingly an experiment was 
carried out in which emulsin was added to a solution of glucoside 
and after the hydrolysis at 87® the solution was filtered and hydro- 
chloric acid and Brady’s reagent added without any i)revious distilla- 
tion. The 2l4 dinitrophenylhydrazone which se])arated was small 
in amount and somewhat difficult to crystallise but was finally 
identified with certainty as acetone. It crystallised from dilute 
al(*ohol in the characteristic manner and had M.P. 122* 5®. When 
mixed with authentic material of M.P. 124®, it had M.P. 119-124®. 


5 . Tetra-arefijlaracipefal i n . 

The acetyl derivative of Acacipetalin was next prepared and 
this shown to have the normal composition, thus demonstrating that 
Acacipetalin contains only the four free hydroxyl groups of the 
glucose residue. 

0*18 gm. of glucoside was dissolved in a mixture of 0*5 c.c. of 
acetic anhydride and 1*5 c.c, of pyridine. After five days at room 
temperature, the mixture was poured into ice w ater. The precipitated 
crystalline acetyl compound w^as w^ashed well with ice water and 
reerystallised, first from absolute alcohol and then from dilute 
alcohol. The yield was 0-207 gm. or approximately 70 per cent. 
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Micro-analywsis : — 

C H N 

Found 54-06 6-24 3-69 

The tetra-acetyl derivative 

CnHi 3 (CH 3 C 0 ) 40 eN requires... 63-37 5-90 3-28 

Tetra-acelylaeacipetalin crystallises in long flattened prisms of 
M.r. 104® (see Fig. III). It is easily soluble in absolute alcohol 
and in ethylacetate, insoluble in petroleum ether and in water. 



Fig Jll. — Tetra-AcetyUicacipetaUn x 200. 


Eiuulsin added to a suspension of the substance in water pro- 
duced no change in 24 hours at 37®, but dilute sulphuric acid at 
water bath temperature slowly liberated hydrogeU cyanide. 
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The optical rotatory power was determined in absolute aloholic 
solution. 


Weight of tetra-acetylacacipetalin 0*0972 gm. 

Volume of alcohol 15 c.c. 

Rotation observed —0*21° 


— 0*21 X 15 X 100 


2 X 9*72 
== - 16*20'^ 

(j. Alhaline followed by acid hydtolysis — Isolation of isohui yryl formic 

acid. 

Preliminary experiments having showm that the products of acid 
hydrolysis of the glucoside were unusual, no aldehyde or ketone 
being formed, attention was directed towards the action of alkalis. 
The glucosidic linkage being fairly stable towards boiling baryta, it 
is possible to hydrolyvse the -ON group to carboxyl -COOH in fairly 
good yield without removing Ihe glucose residue. Acid hydrolysis 
then gives an aglucone possessing acidic properties wdiich may be 
used for its isolation and identification. Since hydrogen cyanide as 
a decomposition product of acacipetalin had only been determined 
qualitatively and by its physiological action, the opportunity was 
taken during the alkaline hydrolysis of isolating and identifying the 
ammonia formed (as the chloroplatinate) thereby confirming the 
presence of the -CN grouping. 

1*0 gm. acacipetalin was refluxed for nine hours with 10 c.c. 
of saturated baryta in a flask connected by a ground glass joint to an 
upright condenser carrying at its upper end a trap bulb containing 
2 c.c. of normal sulphuric acid. At the conclusion of the hydrolysis, 
the cooling water was run out of the condenser and all ammonia 
driven up into tin* acid trap. This was emptied into a beaker, a 
little hydrochloric acid added and then an excess of platinic chloride 
sohition . The sepai'at ion of ammoiiiumchloroplatiiiate commenced 
immediately and was (completed in the ice chest. The bii)yramidal 
crystals were collected on the centrifuge, washed with a little ice- 
water, dried and analysed with the following result, which confirmed 
their identily as the ammonium salt. 


Analysis, Ft residue. 

Found 43*75 

(NH 4 ) 2 PtClg requires 43*95 


The baryta hydrolysate gave no precipitate, under the proper 
conditions, with Rrady^s reagent. It was acidified, while still slightly 
warm, with sulphuric acid, added to produce a final concentration of 
approximately 2 per cent., the barium sulphate centrifuged off, 
washed with 2 per cent, acid and the washings and supernatant 
returned to the flask. The contents w^as boiled under reflux con- 
denser for two hours. The acid liquid w’as found to give a <*rystal]ine 
precipitate wdth Brady\s reagent, but this w^as soluble in sodium 
carbonate solution. 
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Before working up the acid liquid, the quantity of glucovse 
present was determined polarimetrically. 

Volume of solution 55 c.c. 

Rotation in a 2 dm. tube +1 *02° 

1-02x55 

. * . Quantity of glucose = 

2 X 52-5 

’ = 0*5343 gm. 

This represents a yield of 77 per cent, since 1 gm. of glucoside 
would yield 0*0950 gm. glucose, assuming that no hydrolysis and 
destruction had taken place during the boiling with baryta. 

The osazone was prepared from an aliquot and found to have 
M.P. 204^. Mixed with glucosazone (204O) p. 2049. 

In order to examine the acid hydrolysate for neutral aldeliydie 
or ketonic compounds, it was made slightly alkaline with baryta, 
filtered and distilled. The distillate was divided into two portions, 
the one treated with Brady^s reagent and the other tested with 
sodium nitroprusside and ammonia and the iodoform reaction also 
applied. In neither case was a positive result forthcoming : there 
was no precipitate on adding Brady’s reagent. Acetone was there- 
fore absent from the distillate. 

The main solution was now rendered acid with sulphuric acid, 
barium sulphate removed and the clear liquid extracted repeatedly 
with ether. The ether layer was washed once with water and then 
shaken with a little sodium carbonate solution, w^hich immediately 
removed the material giving the dinitropheriylhydrazone precipitate. 

The sodium carbonate extract w^as aerated to remove ether, 
hydrochloric acid added to a final concentration of 2N and then a 
slight excess of hot Brady’s 'reagent. The crystalline precipitate 
which formed was centrifuged down, washed with 2N acid and then 
with water and finally recrystallised from hot (50 per cent, alcohol. 
It w^as obtained in the form of orange-yellow, square-ended rec tan- 
gular prisms. They had M.P. 188-190® unchanged by recrystallisa- 
tion. The material was soluble in sodium carbonate solution, from 
which it could be reprecipitated in the crystalline condition (M.P. 
188-191) by excess ’of hydrochloric acid, this* behaviour strongly 
suggesting that the material was the 2!4 dinitrophenylhydrazone of 
an aldehydic or ketonic acid. The supposition was confirmed by 
analysis, which showed it to be the derivative of a substance having 
the formula CgHgOa. 

Micro-analysis : — 

C H N 

Found 45-19 4-40 18-40 

CiiHi 20^N4 requires... . 44-60 4-05 18-92 

Beilstein (4th Ed.) lists nine isomeric oxo-acids having the 
formula CgHgOa but of these, considering the isolation of acetone 
from the products of enzymic hydrolysis of the glucoside, as 
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pieviously recorded, that which appeared most probable was 
isobutyrylformic acid (u-oxo- ^ methylpropan- a-carboxylic acid; 
diinethyl])yriivic acid) i)ossessiiif^ the following? structure: — 

CH3^ 

> CH.C.COOH 

CH3 !1 

O 

Accordingly, this acid was s^'iithesised, following h'ranke and 
Kohii (1899), fioni isobutylideiieacetoiie and also by the more accept- 
able method via isobutyrylcj'anide (Tschelinzeff, 1929; Craig 1934) 
and itvS 2:4 dinitropheiiylhydrazone prepared. This compound crystal- 
lised in long, slightly orange-yellow rectangular prisms, which, after 
repeated recry sta Hi sal ion from dilute alcohol, had M.P. 199^. Mixed 
with the material from the glucoside (M.P. 188-190°) the mixture 
melted without deiuession at 189-190°, thereby proving the identity 
of the two materials and establishing the degradation product of 
acacipetalin as isobutyrylformic acid. 


Sjfnfhesis of lso}ntt\fh<lenearcto))v and of 1 sohut i/ri/lfonn Ir arid. 

Some details of the method employed may be reproduced here 
since Franke and KohiPs ])aper contains only a very meagre 
description of the technique they adopted. 

57 c.c, of isobutyraldehyde and 4G c.c. of acetone were shaken 
ilia separatory funnel with 100 c.c. of a 10 per cent, aqueous solution 
of sodium hydroxide. The mixture be(*ame hot and developed a pale 
yellow" colour. After standing for several days with occasional 
shaking, the lower layer was removed and discarded, the oil being 
washed twice with distilled water, after wdiich it was fractionated 
and the liquid distilling below' 155° discarded. The main fraction 
passed over at 155-108° (uiicmu*.), after which the tem])erature rose 
rajiidly. The isobutylideneacetone so obtained was purified by 
redistillation. It was colourless but gradually acquired a pale 
yellow" colour on standing, probably owing to polymerisation. The 
2l4 dinitroi)henylhydrazone w’as prepared and found to crystallise in 
long, orange-red prismatic needles of M.P. 103-5°. 


Micrommlysis. N 

Found 18 ‘60 

Ci 3 Hi^ 04N4 requires 19-17 


For the preparation of the ketonic acid, 10 gm. of isobutyli- 
deneacetone w"as mixed with about 100 c.(\ of water and a cold 1 per 
cent, solution of potassium permanganate (700 c.c.) slow'ly run it to 
the ice-cooled and mechanically stirred mixture. This is considerably 
less permanganate than was used by Franke and Kohn, but when 
follow-ing their method, a considerable excess remained nnreduced 
and great difficulty was experienced in isolating any isobutyrylformic 
acid at all. After filtering, traces of nnchanged starting materials 
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wlii(‘h still remained were removed by extraction with ether. The 
mixture was then rendered strong:ly acid with sulphuric acid and 
again extracted by ether. The ethereal solution on evaporation left 
the ketonic acid as an oil, which was purified by mixing Avith water, 
shaking with a little charcoal and filtering. The aqueous solution was 
used for the preparation of the 2!4 dinitrophenylhydrazoiie, which 
had to be recrystallised repeatedly before a satisfactory melting point 
was obtained. Synthesis via butyryleyanide yielded pure material 
at the first crystallisation, M.P. 189-191^. 


Micro-analysis, N 

Found 18 ‘82 

requires 18*92 


7. Hydrolysis hy arid. 

The products of acid hydrolysis of the glucoside were next 
examined. As previously stated it had been found in preliminary 
experiments that no more than a possible trace of aldehyde or ketone 
was produced. 

01 gm. Acacipetalin was refluxed with 10 c.c. of 1 per cent, 
sulphuric acid for 1 hour. Hydrogen cyanide w^as evolved. The 
cooled liquid w^as then made slightly alkaline with sodium hydroxide 
and distilled. To the distillate were added hydrochloric* acid to IliN 
and 4 c.c. of hot Brady’s reagent. A very slight turbidity formed, 
which settled into a flocculent precipitate after some hcmrs, and this 
was (‘entrifuged ofi and washed. When re(*rysiallised it hud M.P. 
158-162^, but the quantity was so small that further identification was 
impossible. Formaldehyde 2;4 dinitrophenylhydrazone melts at 
161^, and it is possible that this may have been the material isolated. 

The residue in the disiilling flask was^diluied, ac'idified and 
again distilled. The distillate gave no trace of turbidiiy with 
Brady^s reagent, but it was noticed that it reacted acid to litmus. 

The contents of the distilling flask was made up io a solution of 
15 c.c. and its rotation deterinined in a 2 dm, tube. 

Rotation observed +0*48® 

0*48 X 15 

. • . Quantity of sugar as glucose — 

62*5 X 2 
— 0*0686 gm. 

Theoretical yield from 0*1 gm. glucoside.. — 0*0695 gm. 

The osazone prepared in the usual way had M.P. 201-5^. Mixed 
with glucosazone, M.P. 203-5^. In a second experiment, 1 gm. of 
glucoside was hydrolysed by refluxing for two hours wdth 25 c.c. of 
6'5N sulpluiric acid. When cold, the mixture was extracted 
repeatedly wuth ether. The ethereal solution on evaporation left a 
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liquid, acid residue with a biityrie-like smell. On titration it 
neutralised 8*4 (;.(*. of N/IO sodium hydroxide^ and the sodium salt 
obtaineil by evaporation to dryness weighed 90*8 mgm. 


Equivalent weight by calculation 86*0 

04 X 1^,02 re(juires 88 


The sodium salt crystallised in flat irregular plates and was 
slightly hygTosco])ic. Eor further identification the p-toluide w^as 
prejiared, a control being simultaneously worked uj), starting from 
80 rngm. of sodium isobutyrate. 

The sodium salt was transferred into a ])yrex test tube (()'' x O o") 
hanging by the lip from a small sheet of asbestos, 01 c.c. of <‘on- 
centrated hydrochloiic* acid and 0*2 gm. of p-toluidine were added 
and the tube heated by a micro-burner at such a rate that the vapours 
of the toluidine (omlensed in a ring about half way up the tube. 
Heating was maintained for one hour. The contents were then 
extracted by hot absolute alcohol and jioured into 10 c.c. ol boiling 
w^ater. The liquid was boiled down rapidly to a volume of about 
2 c.(*. w'hen a ])inch of decolorising charcoal was added and the 
mixtuie filtered. The filtrate was (oncentrated to dryness, extracted 
by boiling benzene, the pale yellow benzene solution evaporated to 
dryness and tin* partly crystalline residue l)oiled with 2 c.<‘. of water 
in suc(‘essive 1 c.t*. portions, the clear colourless aijueous solution 
being filtered from insoluble tarry impurities and allowed to con- 
centrate slowly in a shallow* basin placed in an unexhausted calcium 
(diloride desiccator. A small crop of large lustrous plates separated. 
These were dried on a ])orous tile and found to be similar in ai^pear- 
aiice to those frcnn the (ontrol sodium isobutyrate experiment. 

The identity of the tw’o p-toluides was luoved by melting point 
determination, thus — 

p-toluide of acid from Acacipetalin M.l\ 102® 
control isobutyr-13-toluide M.P. 102-1 02 
Mixed M.P. 102<^. 

The products of the acid hydrolysis of Acacipetalin are thus, 
hydrogen cyanide, glucose and isobutyric acid, wdth possibly a trace 
of formaldehyde. 


The Constitutional Poilmula ok Acaitpetaijn. 

In arriving at a decision concerning the constitution of Acaci- 
petalin the follow ing facts had to be considered : — 

(1) One molecule of glucose w^as identified quantitatively and 
qualitatively after enzymic, acid, or alkaline, follow^ed by 
acid hydrolysis. 
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(2) No heptog*luc()nic acid could be found as a decomposition 
product. 

(3) Acacipetaliii yields a ietra-acetyl derivative. 

(4) Emulsin readily hvdrolyses the glucoside with liberation 
of HCN. 

It is clear therefore that Aca(;ipetalin must be a 
i^-glucoside in which the nitrile group resides outside of 
the glucose residue in the aglucone. 

(5) The aglucone from its derived empirical formula must be 
unsaturated in character. 

(6) It is probably unstable, breaking up under acid hydrolysis 

conditions to yield isobutyric acid. 

(7) Alkaline hydrolysis converis the -CN group into -COOIl 
and NHg. When the glucose residue is subsequenth 
removed an a-ketonic acid is formed. 

Usually such procedure leads to the production from 
cyanogenetic glucosides of a-hydroxyacids but owing to 
the keto-enol tautonierism, the ketonic acid may also be 
regarded as an a-^ unsaturated- a -hydroxy acdd. 

(8) A(*id hydrolysis would thus lead to a ketene (‘yanhydnu 
which would be expected to break up into hydrogen 
cyanide and the corresponding ketene. Dimethyl ketene 
is unstable and in contact with water yields isobutyric 
acid (Beilstein, 4th Ed., Vol. I, Syst. No. 90) whicdi 
latter was identified after acid hydrolysis of the glucoside. 

(9; The production of acetone in small yield (together with 
volatile acidic substances) among the products of enzymic 
hydrolysis is also vsusceptible of explanation (see below). 


It is considered that all reactions of the glucoside cbii be 
adequately explained on the basis of the following structure which 
is therefore proposed as representing the constitution of Acacipetaliii. 



C. MIMINGTON. 
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CH3 

CH3 
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OH H OH 
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+ NH., 
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CH, 


COOH 

OH 


^CH-C- 

II 


COOH 


0 
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With regard to the isolation of acetone from the products of 
enzymic but not of acid hydrolysis, some discussion is warranted 
since these results are at first sight somewhat surprising. 
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It must be emphasised that the conditions are very different in 
the two (tases. In the former, dimethyl-ketene appears in an acid 
medium at the boilin<? temperature, whilst in the latter it is formed 
only vslowly in statu nasrendi in a neutral medium at 37^, 

The production of acetone from the ketene mil’ll t occur as the 
result of an oxidation at the ethylenic linkage. A crude enzyme 
preparation such as emulsin is likely to contain oxido-reductive 
ferments in addition to those (concerned in the liberation of glucose 
and production of free HCN from the cyanhydrin. What the action 
of these might be it is impossible to foretell. 

There is evidence from a purely chemical standpoint, how’ever, 
that ketenes on decomposition yield appreciable ainounis of ketones. 
Thus TIurd and Dull (1932) discussing the preparation of ketenes by 
the pyrolysis of acylphthalimides slate that a certain projmrtion t)f 
acids or their corresponding anhydrides and also ketones were formed 
in appreciable quantity, notwithstanding the tact that the starting 
materials had been dried with the utmost care. Thus, for example, 
among the products of the pyrolysis of propionylphthalimide were 
found luopionic anhydride, diethyl ketone and carbon dioxide. 
Ketenes being very reactive and unstable materials may, at the 
moment of their formation, undergo changes in various ways among 
which must be numbered the ])roduction of ketoaic bodies. 

Attem])ts to hydrogenate the double bond in Acacii)etalin weie 
unsatisfactory. Several trials were made using a colloidal ])alla(lium 
catalyst and hydrogen as in the Paal process. A faiily slow* but 
steady uptake of hydrogen was observed in each case, but the reaction 
was not quantitative, and it was soon evident that changes of a dee])- 
seated nature were taking place. In the reaction mixtiire were 
detected small quantities of glucose and amines but no hydrogen 
cyanide. 

It is clear that hydrogenation in the ])resence of palladium 
brings about a fairly extensive destruction of the glucoside; the 
reactions were much too complicated to be used as evidence of 
structure (coinjiare Skita, 1909, 191o; Skita and ifeyer, 1912; Paal 
and (lerum, 1909, etc.). 

, Biologic \l IIelattonsiiifs. 

Finnemore and Cox (1930) isolated from the Australian Acacia 
species, A. glaucesccns and A. chccli, the cyaiiogenetic glucoside 
sambunigrin. Sambunigrin is a benzaldehydecyanhydrin glmose 
ether and bears no relationship to Acacipetalin. The South African 
species of Aacacia belong to a different group in the genus, bearing 
true leaves, whilst those investigated bv the Australian workers are 
phyllodineous. This circumstance probably accounts fo? the very 
different chemical findings. 

Acacipetalin differs from typicjal cyanogenetic glucosides only 
in possessing an unsaturated aglueone which leads to a variety of 
secondary decomposition products w'heu the ketene is set free by 
hydrolysis. 
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TJiivsat 11 rated aoiycones are met with in the gliieosides, 
filuconajiin from Hrassira rapiis and many other mustard oil 
f»luc*osides. Isobutyl riuislard oil occurs in Cochlenria officinalis, 

Ilelicin, the pflucoside of salicylic aldehyde, 

CoH,iO,,().Cjr,.CHO 

has been combined with acetone (Tiemann and Kees, 1885) to form 
the unsaturated synthetic ^lucoside 

-(1L(T).(T13 

Coniferin, the glucoside of coniferyl al(‘ohol and occurrinfv in conifers, 
also contains an ethylenic linka«e 

Syrin^in is closely similar. Such examples mi<»ht be multiplied, but 
sufficient has been said to indicate that unsaturated afrlycones are not 
uncommon although jneviously not encountered in naturally-occurrinj>* 
cyano^enetic j»Iucosides, 

With regard to the possible mode of formation of Acacipetalin 
in the plant, a tentative suggestion might be made, with all reserve, 
that a<*et<)ne and formaldehyde or formaldehydecyanhydrin jiresent 
themselves as not unlikely starting jioints. 

Su(‘h a (condensation as that pictured behnv is not without its 
counterpart in the chemistry of living materials and is not objection- 
able from the purely ( hemical standpoint. 


CH, 

CN 

■> CO 

+ H3C < 

CH3 

j 

('H3 

CN 

> C’ = 

c< 

(’H3 

0-C,Hh0, 


SuM^VlARY. 


1. The cyaiiogenetic glucoside Acacipetalin has been isolated by 
an improved method from Acacia stolonifem Burch, The constants 

r -I 26 

were found to be M.P. 17()-7°; |^aj — — 36-60°. 


104° and 


2. Tetra-acetylacacipetalin has been prepared. It has M.P. 
26 

- -- 16-20. 




3. Pinit, inositol monomethyl ether, has been identified as a con- 
stituent of Acacia stolonifera, 

4. The constitution of Acacipetalin has been elucidated. It is 
ihe glucose ether of dimethylketenecyanhydrin. 
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5. The facts upon which this conclusion is based are recorded 
and include the identification of the following breakdown products 
of the glucoside. On enzymic hydrolysis, hydrogen cyanide, glucose, 
acetone and acidic substances. On acid hydrolysis, hydrogen cyanide, 
glucose and isobutyric acid. After alkaline followed by acid 
hydrolysis, ammonia, glucose and isobutyrylformic acid, isolated as 
the 2li dinitrophenylhydrazone. This latter substance was prepared 
synthetically and found to have M.P. 190®. 

The 2:4 dinitrophenylhydrazone of isobutjdideneacetone crystal- 
lises in orange-red prisms and melts at 163-5^. 

6. Catalytic hydrogenation using colloidal palladium as catalyst 
leads to deep-seated changes in the glucoside. Among the reaction 
products were detected acetone, glucose and amino substances. 

7. A comparison with other glucosides (‘ontaining unsaturated 
aglycones is made and a suggestion put forward as to the possible 
mode of origin of Acacipetalin in the plant. 
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The Toxicity of Trypan Blue. 

By DOUW G. STEYN, Dr.Med.Vet., D.V.Sr., Veterinary 

llesearcb Officer, Onderstepoort. 


Tins investigation was proinjited the fact that information was 
sought in le^aid to whether, or not, solutions of Trypan Blue became 
toxic when left standing’ for a few days before injection. 

The lollowinn* experiments conducted by du Toit (1928) are of 
interest ns far as the toxicity of freshly prepared solutions of Trypan 
Hlue, injected infra venoudy, are concerned: — 

(a) An eif>‘h teen-month old calf received 39 gju. of Try])an 
Blue (in 1 i)er cent, solution) in tlie c-ourse of twenty- 
nine days. The initial dose v^as I- 5 and the last 

do‘'e on the twenty-ninth day 4 »*m. Trypan Blue. On 
the fiftieth da> after the first injection of Tiypan Blue 
I he animal died in a state of advanced caidioxia and weak- 
ness. It should he mentioned that the animal was suffer- 
ing* from anaplasmosis and that the time of death 
anaplasmata were still ])iesent in the heart blood. 

{h) Calf 31 (i (2| yeais old) received 32*5 ^’m. (in 1 per cent, 
solution) Tryi)an Blue in ten injections in tlie <‘ourse of 
thirty-two days. The initial dose was 1*5 ^m. and the 
last dose *1 ^ni. The blood of the animal lemained noi nial 
throu<»hout the expeiiment. On the 9th, 14th and 29th 
day of the exi)erinient the animal showed a tem])erature 
ran^iTi”* from 105 tot 105-8® F. 

(r) Calf 429 (5^^ months old) received 8-5 <4111. Trypan Blue 
in the course of tuenty-seven days. The injections were 
commenced with 0-5 «:m. (in 1 ])er cent, solution) and 
ended with 0*75 <^m. No symptoms of poisoning were 
noticed, the animal however develo])ed anaplasmosis and 
<?onderiosis, Du Toit considers that the injection of 
Trypan Blue brouo-ht about a rela])se of these tw^o diseases, 
from w-liich the animal had suffered some time prior to 
the experiment with Trypan Blue. 

{(I, Each of two calves 709 and 907 (21 and 41 months old 
res])ectively) received twenty-six injections of Trypan 
Bhie in a 1 per ('ent. solution in the course of fifty days. 
The initial injection whh 0*5 ^?in.; the dose was increased 
to 0*75 gm., then 1-0 gm., then 1*5 gm., 2*5 gm., 3*0 
gm., 4-0 gm., and finally 5*0 gm. Each calf received 
39*5 gm. Trypan Blue altogether. No symptoms of 
poisoning w*ere discernible with the exception of a high 
temperature (above 106® F.) which occurred on the 9th 
day after the first injection. 
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(e) Calf 424 (2 years old) a carrier of anaplasmosis received 
fourteen injections of Trypan Blue in a 1 per cent, solu- 
tion in the course of sixty-seven days, commencing with 
a dose of 1 *0 gm. and ending with 2*5 gm. No symptoms 
of poisoning except a slight rise in tem])erature, were 
discernible. 

(/) Calf 755 (1^ years old), a carrier of anaplasmosis, received 
fifteen injections of Try])an Blue in a 1 per cent, solution 
in the course of sixty-seven days, commencing with a 
dose of 1*0 gm. and ending with one of 3 gm. No 
symptoms of poisoning were discernible. 

Ryrie (1933) who investigated the curative effect of coal-tar 
dyes in cases of leprosy, states that different samples of the same 
dye exhibit marked differences in their immediate effect on the 
patient. He tested the following dyes: — Chrysoidiiie, Bismark 
brown. Trypan Blue, brilliant green. Malachite green, Crystal violet, 
Methyl violet, Auramine, Eosin, Fluorescin, Rhodamine, Methylene 
blue, Toluidine blue and Indigo Carmine. He describes the toxic 
effects of these dyes in human beings as follows : —cardiac pain, 
epigastrii* palpitation, gastric and rectal irritation, feeble pulse, and 
signs of shock, and, in severe cases coma and even temporary failure 
of respiration and loss of radial pulse. He states that solutions tend 
to become more toxic if left for a few days before injection. He 
found that a number of dyes, including Trypan Blue, if injected 
in sufficient quantity show almost at once a selective affinity for the 
endothelial tissues of the lesions. In most cases patients tolerated 
25 cc. of a 4 per cent, solution, whilst some develop symptoms of 
poisoning. Some patients even tolerated 75 cc. of a 4 per cent, 
solution. Ryrie states that it is important to filter the solution before 
injection. 

Anderson, Emerson and Fisher (1934) determined the toxic 
effects of Trypan Blue, Crystal violet and Brilliant green on mice, 
rats, rabbits and guinea-pigs. *(juinea-pig8 were found to be more 
susceptible than mice, rats and rabbits. Three out of five rabbits 
injected intravenously with 0*15 gm. Trypan Blue per kg. bodyweight 
in a 5 per cent, aequeous solution succumbed. When administered 
per 08 . Trypan Blue is absorbed very slowly and is almost non-toxic. 
The authors w^ere unable to elucidate the mechanism of the toxic 
action of the dyes. They suspect Trypan Blue of (‘ausing depression 
of the central nervous ‘system. In all fatal cases' there were marked 
congestion of the lungs. Trypan Blue appeared to cause less damage 
to the liver than brilliant green and gentian violet. Repeated in- 
jections of Trypan Blue into leprous rats are better tolerated than 
those of gentian violet and brilliant green. 

In another article Anderson, Fisher and Emerson (1934) refer 
to the toxicity of Trypan Blue and state that mice survive 300 
mgm. per kilogram intraperitoneally, while 400 mgm. per kilogram 
of a 1 per cent, solution kills all animals. Intravenously the dye 
is about twice as toxic, being lethal for 3 of 5 mice at 200 mgm. per 
kilogram. Rats tolerate oral amounts to 1*0 gram per kilogram and 
do not become blue, indicating no absorption by this route. A sub- 
cutaneous dose of 400 mgm. per kilogram kills 4 of 5 animals. 
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Iiitraperitoneally all rats die when given 350 nigm. per kilogram of 
a 2 per cent, solution of Trypan Blue. Three hundred mgm. per 
kilogram is lethal for rats on intravenous administration of a 2 per 
cent, solution. The dye is slightly more toxic for guinea-pigs killing 
3 of 5 animals on subcutaneous injection of 300 mgni. per kilogram, 
while intraperitoneally half of six guinea-pigs die with 250 mgm. 
per kilogram of a 2 per cent, solution. Babbits tolerate larger 
amounts intraperitoneally surviving 300 mgm. per kilogram, but die 
when given 400 mgm. per kilogram. Intravenous doses of 100 mgm. 
per kilogram kill 1 of 5 animals, while 150 mgm. per kilogram of a 
5 per cent, solution is lethal for 3 of 5 rabbits.’’ 

GoussefE and Sudzilowsky (1934) ascertained the effect of medi- 
cinal doses of Tryi)an Blue manufactured by the Bayer-Meister- 
Lucius factory) on the horse. They recommend that horses injected 
intravenously with Trypan Blue should not be worked for a day 
after the injection. In the case of subcutaneous and intramuscular 
injections the animals should not be worked for four to five days 
after the injection. 

They stale that Trypan Blue had no effect on the bilirubin con- 
tent and alkali reserve of the blood. 


Ondekstepooiit Experimkni:s. 


lUibbit 

No. 

WciRlit 
in K«. 

ManufaoturcT of 
Trypun Blue. 

Ainount ot Trypan Blue injected 
intravenously. 

Result. 

A 

2 Of) 

1 

“ Casella ’* Tradenmrk ; 

5 0 ec*. of a freshly prepared 2 per 
cent. HfHiueons solution 

N o s y in p t o m s 
developed. 

B 

1 75 

Lt‘()polcl & 

( '0 , Frankfurt a. M. ; 
Germany 

10 0 (•(’. of a freshly prepared 2 pcT 
eeiit aequeous solution 

Slight transient 
accelerated re- 
spiration. 

a 

2 15 


1.5 0 ee. of a freshly prepared 2 per 
cent aequrous solution 

Died 30 hours afti‘r 
inject ion. 

u 

2 '5 


5 0 ee. of a U)-day old 2 per cent, 
a eq neons solution 

Laboiued respira- 
tion, which lasted 
about tour hours. 

K 

2-4 


10 0 ee. of a lO-day old 2 per <*ent. 
aequeous solution 

Died 3 hour after 
injection. 

F 

1« 


10 0 ee. of a lO-day old 2 per eeiit, 
aequeous solution 

Died li hours after 
injection. 

G 

2*14 

11 

*• Film Trademark ; 

Gf'sellschaft fur 

Chemische InduBtrie, 
Basel, Seliweiz. (Per 
(^arl Bittinann, 31 
PetersKraben, Basel.) | 

5 0 cc. of a freslily prepared 2 per 
cent, aequeous solution 

No symptoms 
developed. 

H 

2 0 i 

10 *0 cc. of a freshly prepared 2 per 
cent, aequeous solution 

Died days after 

injection. 

1 

2*14 

It was intended to inject 15-0 ec. of 
a freshly prepared 2 per eent. 
aequeous solution, but animal 
collapsed and died after 10 cc. 
had been injected 

Died. 

J 

1-6 


5 0 ec. of a 10-day old 2 per cent, 
aequeous solution 

Slight transient, 
laboured respira- 
tion. 

K 

1-6 


10*0 cc. of a 10-day old 2 per cent, 
aequeous solution 

Pronounced tran- 
sient, laboured 
respiration. 

L 

1-9 


15-0 cc. of a 10-day old 2 per cent, 
aequeous solution 

Pronounced tran- 
sient, laboured 
respiration. 
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TOXICITY OF TRYPAN BLUE. 


Onderstepoort Experiments (ronf,). 


Rabbit 

WeiKht 

Manufacturer of 

Amount of Trypan Blue injected 


No. 

ill Kg. 

Trypan Biue. 1 

intravenouBly. 



M 

1*6 

111 

Dr. G. Orubler & Co., 
Leipzig, Gennaiiy. 
(Batch 10,33.) 

5 0 cc. ot a freslily prepared 2 per 
cent aequeouB solution 

No 8 y in p 1 0 in B 
developed. 

N 

21 

10 0 cc. of a fresiily prepared 2 per 
cent, aeiiiirous solution 

Transient laboured 
respiration. 

o 

2*0 

1 

! 


15*0 ec. of n freshly prepared 2 per 
cent, aeqiieous solution 

Laboured respira- 
tion set in im- 
mediately after 
injection. Animal 
died about 12 
liuurs after in- 
jection. 

V 

1 • 75 


.5 0 cc. ol a lO-day old 2 per cent. 
ae<(ucous solution 

Died 3 hours alter 
Injection. 

Q 

1*9 


10 0 cc. of a 10-{lay old 2 per cent. 
ne(|ucous solution 

Died 2 hours after 
injection. 

R 

1 « 


it was intended to iujc(‘t 15 0 (c. ol a lO-day old 2 pei 
cent, aeqiieoiis solution W^hen 12 cc. were imccted, 
severe convulsions set in and at 14 cc. the nniinal 
(‘olIapHcd and died. 


Solutions of the above brands of Trypan Blue were prepared and 
injected immediately. The remainin^‘ quantities of the solution were 
injected after having been allowed to stand for ten days in flasks 
fitted with dry plug’s of cotton wool. Trypan Blue T solution was 
violet and not blue in colour. The specimens of Try])an Blue used 
in the author’s experiments w^ere taken from the original containers 
issued by the respective manufactuiers. The solutions were injected 
at the same rate into all the animals, namely, b c.e.. ])er minute. 

From the above table it is evident that the solutions of Tryjian 
Bhie I and III markedly increased in toxicity after having* been left 
standing: for ten days, whilst this w^as not the case with the solution 
of Tiypaii Blue II. 


Symptoms of Poisoning. 

After intravenous injection of toxic and lethal amounts of Try])an 
Blue the rabbits developed the following symptoms : Laboured 
respiration, accelerated and weak heart-action, and convulsions. 
Those animals w’hioh survived for a wdiile were in a paralytic state 
after the attack of convulsions had passed off. In peracute cases of 
X)oisoning methaemoglol)inaemia was present and was detectable both 
macroRcopically and spectroscopically. 

The autopsy revealed no lesions of a characteristic tyj)e. 

SrMMARY. 

It has been definitely proved that twx) out of three brands of 
Trypan Blue tested markedly increased in toxicity after the solutions 
had been left standing for ten days before injection. It is therefore 
obvious that only freshly prepared solutions of Trypan Blue should 
be used. 
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1. The Carotene Content of Some South 
African Feeds. 


By S. J. MYBIJiKjH, M.Sr.A^ric., J)ept. of Biochemistry, 

Onderstepoort . 


(tknkual OrTLlNK. 

Cakotkne, l)eloiigiiig to the group of earotinoids — yellow, fat- 
soluhle pigments, of wliitdi there are no less than twelve diifeieiil 
ones known — has the most extensive occurrence of all natural pig- 
ments. Three of the earotinoids, namely, the well-known Lycopin-- 
(diara(*teristic ])igmenl of the tomato — and the two isomers, a-Oarotene 
and /^-('aroleiie, eacli having* the general formula are in 

character hydiocarhons. Tlie other earotinoids, which are oxygen- 
containing derivatives of (hirotene or Lycopin, have the character- 
istics of organic acids, \^ith a Jiudecular turmula of — 

commonly known as Phytoxauthines 

The study of the (hirotinoids was first started in 18d] by 
Wackenrodei* and later in 18*17 by Berzilius. AVorking on leaf-pig- 
ments, they discovered thata the pigments were closely associated 
with fats and oils — hence the name Xanthoi)hyll was given to the 
yellow pigment of leaves by Willstatter (1910). Other woi kers also 
gave the earotinoids their attentiem : Ivarrer and Solaman (1927) 
isolated Crocetiu (C 2 oHj, 4 () 4 ) ; Zechmeister and Choluoky (1927) 
isolated Capsanthin ; Karrer and co-workers (1929, 19*10) isolated 
Zeaxanthin; Kuhn and co-workers (19*U) isolated Violaxanthin and 
Zaraxanthin. 

All the earotinoids are practically insoluble in water, and easily 
soluble in fats and oils. They have the characteristic of fat-pig- 
ments (liipochromes) and are therefore fairly common in nature. 
As regards soluliility in the ordinary organic sfdvents, there are two 
distinct groups of earotinoids, namely the hydrocarbons (Carotene 
and liy(*opin) — soluble in petroleum ether, benzine, but insoluble in 
methyl- and ethyl alcohol. The phytoxantliins (Jieaf-xantliophyll, 
Zeaxanthia and others) are insoluble in petroleiim-ether and 
benzine, but soluble in methyl- and ethyl alcohol. Hence the 
earotinoids can be fractionated into Carotene and Lycopin on the 
one hand and the phytoxanthins on the other hand, as was shown 
by Willstatter. Most of the earotinoids are easily oxidised and 
become bleached under influence of oxygen. Crocetin, Bixin and 
Azafrin are exceptions (Karrer). The rate of oxidation depends 
largely on the state of purity of the pigments. Thus a very pure 
carotene will only absorb oxygen after ten or more days, whereas the 
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impure form (with traces of iron salts usually) may undergo oxida- 
tion within a few hours. Furthermore, the phenols, hydrochinon, 
etc. strengthen the pigment against oxidation. This, possibly, also 
happens in the plant-cell, whereby the pigment is fortified. 

The carotinoids show intensive halochromeric phenomena with 
strong acids (sulphuric-, hydrochloric-, trichloracetic acids) and 
chloroform sohitions of carotinoids with >vater-free antimony 
trichloride. The resulting colours vary from blue to violet, and 
blue to blue-green; the intensity of colour varies. Ilosenheim (1925) 
found, by the use of the tintometer, comparative values for the 
intensity-mixtures. These halochromeric pigments are very unstable. 

(hu’otene, which occurs most extensively in green plants, also 
as the pigment of fat, milk, blood serum, liver, corpus luteum, was 
first discovered by Wackenioder (1831). Arnaud (1886) showed its 
presence in green leaves of plants, and Willstatter (1910) gave it the 
formula (^406,^,.. It was furthermore found in fruits and flowers; in 
the polin of the bud. 

It was isolated in crystalline form from carrots and green leaves. 
Fresh green leaves may contain 0*1-0 *3 mgm. Carotene per 
100 grms. 

Kuhn and Lederer (1931), Karrer and co-workers (1930) showed 
that carrot-carotene consist of two components, namely a-Carotene 
(optically active) and ^S-Carotene (optically inactive). 

Carotene extracted from spinach, nettles, as also from most 
green plants, proved to he mainly the /^-form, according to Karrer 
(1932). 

Both isomeric forms of Carotene are soluble in organic solvents, 
for example in petroleum-ether; but the solubility of these two 
differ so slightly as to give difficulty in the crystallization process of 
separation. 

The best method of fractionation is by the chromatograph 
method of Tswett (1911). 

/J-Carotene has a higher melting point (182^ C.) than a-Carotene 
(1720 c 

Crystals of Carotene appear red, but solutions of Carotene, in 
petroleum-ether for example, are deep yellow. ' 

Halogens have only a slight effect on carotene, but iodine form 
either the tri-iodide (C40HS0I3) or di-iodide (C4oH66l2)‘ Karrer (1932) 
gives iS-Carotene the following structural formula: — 


CR CR 


X Sf- S"- 

I. C-CH-CH-C-CH-CH-CH-C-CH-CH<H-CH-C-CH-CH-CH-C-CH-CH-C 


CM. 

I II 

CM. C-CH, 
^CH. 


CM, CM. 

V 

^ '^CH. 
H.C-C ^CH. 
CM, 
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He furthermore considers jS-Carotene the precursor of Vitamin 
A, which is formed by hydrolysis: — 

CH, CH^ 

X s«. 

CH. C-CH“CH-C-CH-CH“CH-C=CH-CH,OH 
CH. C-CH. 

^CH. 

Apart from cx)d-liver oil and other liver oils as a source of 
Vitamin A in biological material, the Carotene of the plant is the 
natural source of Vitamin A for herbivora. Numerous investiga- 
tions prove tliat animals on a diet deficient in Carotene show A- 
avitaininosis and the young that are dependent on the milk supply 
of the mother, show stunted growth. 

riants vary in their (-arotene content accordijig to species, stage 
of growth, and imrtion of plant selected. liUcerne in young, green 
stage is a rich source of Carotene for Vitamin A, becoming poorer as 
the plant matures; the leaves are richer than the flowers, stems and 
seeds. In some plants at the mature stage there is a serious depletion 
of Carotene; even ('Urotene-rich plants show only a very small 
amount at maturity. 

Furthermore, hays may also be low in Carotene content; the 
retention and preservation thereof depending to a gieat extent on the 
process of drying and curing. (Vu'otene is easily exidised by enzymes 
contained in the plant material, hastening deterioration, as shown 
by S. Hauge (1935). In the drying and curing of lucerne for hay, 
the slower the process, the better the oxidation of (^aroteiie, which, 
therefore, results in a loss of (’arotene to animals fed on sucli hays. 

Mechanical drying and curing of lucerne for hay, apart from 
being time-saving, is far superior to sun drying from the ])oint of 
view of Carotene-preservation. 

In South Africa, where sun drying is the main process in use, 
loss of Vitamin A may prove to be a matter for consideration, as 
most of our sun-dried hays are low in (^arotene. 


Mkthoi) of Analysis of Fekd fou (/Arotknf. 

Biological tests with Carotene have often proved unsatisfactory, 
reproducible results being often unobtainable; a further factor is 
time. 

It has been found by Lathbury and Greenwood (1934) that some 
oils are beneficial and others not, — causing a loss of Carotene in the 
latter case, — when used as solvents. Cocoamit oil is a better solvent, 
than for example arachis oil. Hence difficulties in biological experi- 
mental work have been encountered. 
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Lately chemical methods foi the analysis of material for Carotene 
have been developed. Guilbert (19d4) in working on this subject, 
employs a colorimetric method for the quantitative expression of 
Carotene, and the colorimetric* work is based on the use of the Colour 
Standard (International Dye Standard) of Sprague (1928). 

In the analysis of various feeds and fodder in this laboratory, 
the method as given by Guilbert was closely followed. Duplicates 
of a satisfactory value are obtainable. 

The Method of Extraction suggested by Guilbert, produced 
here : 

1-5 gins, of the sample, in finely cut state, was weighed out, 
transferred to an Erlenmeyer flask and 20 c.c. of freshly prepared 
saturated solution of potassium hydroxide in ethyl alcohol were added 
for each gram of sample taken. The flask was fitted to a reflux 
condenser and the contents gently boiled on a steainbath for dO 
minutes. Eats and chlorophylls became saponified. The (*ontents of 
the flask were cooled, 50-100 c.c*. ethyl ether added, shaken for a few 
miiaites, the sediment allowed to settle and the ether-alcohol mixture 
decanted into a large separatory funnel. The flask was washed with 
small (piantities of ethei and these were added to the contents of 
the funnel. The process was repeated until fresh ether when used 
for rinsing, was colourless (usually 200-250 c.c. ether were necessary 
for each extrac'tion). 

About 100 c.c. (or more) of distilled water were poured ilown 
the sides (3f the funnel through the ether-al(*ohol solution. The 
flavones separated and could be drawn off. The solution in funnel 
was repeatedly washed, drawing off the l>ottom layer each time. 
The waste was tested with phenolphthalein to be sure that all alkali 
had been washed out of the ether-solution. 

The ether solution, which contained the yellow pigments 
Carotene and Xanthophyll, was transferred to a flask and all tra(*es 
of ether expelled. 

The residue w’as then taken up in 30-40 c.c. petroleum-ether and 
transferred to a separatory funnel. The Xanthophyll was extracted 
from the ether solution and separated from (./arotene by first shaking 
with 85 per cent. — and finally with 90 per cent, methyl-alcohol. The 
lower layer (methyl-alcohol) containing the dissolved Xanthophyl, 
w^as separated from the ether solutioa containing the dissolved 
Carotene. After 5-6 washings of the ether layer, the methyl-alcohol 
layer was found to be clear; tbe last tra(*es of methyl alcohol were 
rinsed out with small quantities of distilled water. 

The ether solution was next dried in contact with about 5 gms. 
of anhydrous sodium sulphate; it was then poured off, and the salt 
washed with fresh petroleum ether, until clear — the w^ashiugs added 
to the rest of the Carotene-ether solution. The ether solution was 
poured into a measuring flask, and made up to volume (namely 
50 c.c, mark) with petroleum ether. The volure was noted. 
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The flask was next well shaken and the strength of the Carotene- 
colour compared against a dye standard in the colorimeter. 

A stock solution of this dye standard contained : 

INapthol yellow, ^3 06 grams; 

Orange G. Crystals, 0*45 grams. 

The dyes were divssolved in 1,000 c.c. distilled water. The 
solution is stable and will keep well in a stoppered flask in the dark. 

The standard for the colorimetric work was prepared from the 
above stock solution, by diluting 50 c.c. of the stock solution to 
1,000 c.c. — this colour strength of Dye is equivalent to 2*7 mgm. 
Carotene (Guilbert). 


Calculations : 

Depth of Standard ^ 100 ^ Total volume of unknown 

Colorimetric Heading Grams Sample 1,000 

X Value of Sta/ulard in Carofet\e (2*7) per 1,000 c.c. 

-=rMgm. Carotene per 100 grams Sample. 


TABLE A. 


Bkt.ativh /3-Cauotknk V\jxks oi- Vakious FEEnS. 
(Value of Dye Standard used -2*7 mgm. per cent, (^irotene. 


Description of Sample. 


Fresh, young, green Lucerne (whole plant, 

leaves and stalks) 

Fresh, green, Sudan Grass, late stage — 

(whole plant, leaves and stalks) 

Fresh, green Maize plants, late stage — 

(whole plants, leaves and stalks) 

Fresh, green Barley plants (whole plants, 

leaves and stalks) 

Mature grass cut for hay (Armoedsvlakte — 

Camp A — .June, 1935). (Sun dried) 

Mature Grass cut for hay (Armoedsvlakte — 
Camp B — .Tune, 1935. (Sun dried) 


Weight of 
Sample. 
(Wet 
basis) 
grams. 

Moisture 

Content 

% 

15 

77-5 

15 

79 1 

30 

740 

25 

790 

100 


100 j 

— 


Afgm. % 

Mgm. % 

Carotene 

Carotene 

on Abs. 

on 

dry 

fresh 

basis. 

basis. 

400 

90 

13-5 

2-8 

3-4 

0-9 

171 i 

1 

3*5 

j 

0*62 


0*09 
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TABLE B. 


Kelative /^-Carotene Values of Fodder-Hays. 

(Value of Dye-Standard for Carotene = 2* 7 nigm. per cent,) 


Description of Sample. 

Weight of 
Sample. 
(Air dry 
baasis). 
grams. 

Moisture 

Content. 

% 

Mgra. % 
Carotene 
on Abs. 
dry 
basis. 

Mgm. % 
Carotene 
on 

natural 

basis. 

Lucerne Hay^ sun-dried, well-cured (Onder- 
stepoort) 

30 

7*6 

0-92 

0-80 

Teff Hay, well-cured (Onderstepoort),... 

20-4 

10 

2-50 

2-30 

Mature Orass Hay, sun dried. Well-cured 
(Onderstepoort) 

100 

8*3 

±002 

±0*018 

Yellow Maize Seed — Finely ground 

100 

9-4 

0*74 

0*67 

White Maize Seed — Finely ground 

100 

— 

— 

trace 

Samp — Finely ground (maize endosperm). 

100 

— 

— 

negative 

Pig Feed — Mixture of samp and meatmeal 
(9:1) 

100 



0*047 

Maize Meal (yellow) 

100 

— 


0*25 

Bran (Wheaten) 

100 

1 

— 

— 

<0*01 

Barley Meal 

100 


— 

<0-01 


TABLE C. 


Relative Values for Carotene of Vej.d Grass Samples taken at 

DIFFERENT SEASONS FOR TWO SUO('ESS7VE YEARS ( ArM()EJ)SVLAKTE) . 



Sample. 

Month of Collection.) 

Season. 

Mgm. % 
Carotene 
(on Abs. 
dry basis). 

Mgm. % 
Carotene 
(on Air 
dry basis). 

Sample I 


Siring 

0 11 

0 11 

Sample IT 


Summer 

1-85 

1 71 

Sample III... 


Autumn 

0 98 

0 92 

Sample IV. . . 

Juiy, 1934 

Winter 

0 26 

0 24 

Sample V 


Spring 

0 61 

0 57 

Sample VI. . . 


Summer 

2 64 

2 45 

Sample VIT... 


Autumn 

4 66 

4*32 

Sample VITI.. 


^Vinter 

0-23 

0 22 


Discussion. 

Samples of some of the feed and fodder materials fed to farm 
animals at Onderstepoort, were analysed for Carotene. 

It is evident from Table A that lucerne in young stage of growth 
is a rich source of carotene. 

The green Sudan grass and green Barley, though cut at a fairly 
late stage of growth (seeding stage) still had appreciable amounts of 
Carotene. The low Carotene content of the sample of maize plant 
was probably due to the late stage of growth of this material. 
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In the case of grass hay the Carotene content ranged from 0*1 
to 0 6 mgm. per 100 grains dry materiaL Hays, in general (Table 
H) are variable in their Carotene content, the amounts depending on 
the process of drying and curing. Teff hay gave as much as 2*3 
mgm. Carotene per 100 gms. dry material. Probably this teft* was 
cut for hay at a favourable growth-period and was dried and cured 
under conditions which were favourable for the preservation of its 
Carotene. 

Well-cured, sun-dried lucerne hay was low, probably due to 
considerable loss of Carotene during the drying and curing processes, 
as was found to be the case by S. Ilaiige (1935) in experimental work. 

Some mature grass when cut for hay proved to be as low as 
()’()2 mgm. Carotent per 100 gins, dry material. This hay, even 
if fed liberally cannot serve as an adequate source of Carotene, it 
no green material or other food, containing Carotene is given; 
animals wull in time sutler from the etfecds of Vitamin A deficiency. 

Of the maize (seed), the yellow variety, though low* in Carotene, 
was much higher than the white variety. 

Analysis of veld grass samples from Arinoedsvlakte, Bechuaiia- 
land for different seasons of two successive years are tabulated in 
Table C. For a greater part of the year the natural veld-grass at 
Arinoedsvlakte is apparently low in Carotene. In 1934-35 this was 
very pronounced during the dry period (winter and spring) ; in the 
summer, wdien copious rains fell (summer-rainfall area) there was 
new’ grow’th and the ('Urotene of samples taken during that period 
show’ed a gradual in<irease, reaching its maximum in Autumn. 
Towards wdiiter there w^as a decline w’hich might continue into Spring 
or until new growth appeared. 

As (\iroteiie is the precursor of VitamiJi A, which is essential 
for the grow’ing animal, as also for normal reproduction, good health 
and high vitality, it w’ould appear that the danger of an A. 
avitaminosis during the dry periods of the year in areas like Armoeds- 
vlakte, w’hich are common in other parts of the Union, cannot be 
excluded. From work which is proceeding it may even be tenta- 
tively (*oncluded that such deficiency does exist at times for normal 
growth and maintenance. Furtliermore, hays cured under prevailing 
conditions and fed back to animals during such period of food 
scarcity might not contain adequate quantities of Carotene to make 
good the deficiency in the natural pastures. 

The Vitamin A requirements of animals, except pigs — winch 
according to Dunlop (1935) require daily per 100 lb. live-w’eight 
approximately 4 mgm. Carotene, are un(*ertain, but with data that 
wdnter pastures in summer-rainfall area are usually low’ in ('arotene, 
the problem of A-avitaminosis during dry periods, especially under 
ranching conditions, is w’ell w’orth further investigation especially 
in the light of w-ork of Guilbert and Hart. Such w^ork has been 
started and will be reported on in due course. 

SUMMAUY. 

1, Details are given of the method employed at this Institute 
for the determination of Carotene in some animal foodstuffs. 


481 



CAKOTENE CONTENT OF SOME S.A. FEEDS. 


2 . The Carotene oontent of pasture diminishes rapidly as the 
pasture matures and becomes dry (luring winter or during dry periods 
of drought. 

3. The Carotene content of the Cereals iiicduded in the deter- 
minations is low, yellow maize being the highest and the sample in 
question containing 0*74 mgins. Carotene per 100 gms. dry material. 

4. The existence of an A-avitaminosis in stock entirely dependent 
on natural pastures during periods, when only dry pasture exists, is 
discussed. 
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Section VI. 


Physiology. 


Ais’i) Sliulies on the Alimentary Tract of 
the Merino Sheep in South Africa, 

II. Investigations on the Physio- 
logy of Deglutition 4(Sr) 

1., AND Studies on the Alimentary Tract of 
Sheep in South Africa, III. The 
Influence of Bowel anastomosis on 
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Merino Sheep 501 


483 




Onderstepoort Journal of Veterinary Science and, Animal 
Industry, Volume 5, Number 2, October, 1935. 


Studies on the Alimentary Tract of the Merino 
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J. I. QUIN, D.V.Sc., 

Veterinary llesearch Officers, Onderstepoort. 


In a previous paper on this subject the authors (1933) recorded the 
results of their investigations into the possibility of stimulating 
reflex closure of the oesojjhageal groove, for the purpose of dosing 
sheep directly into the abomasum. The bulk of the work done con- 
sisted of attempts to produce such stimulation by means of sodium 
salts as Wester had successfully done in the r-ase of cattle, and to 
find out whi(‘h factors were limiting or opposing this action of the 
sodium-ion in sheep. However, since the results were rather incon- 
clusive and the main object had been that gf finding a way to 
administer anthelminthics into the abomasum, it was decided to 
follow up indications of successful stimulation by a few other 
chemicals which had been used and to try others if necessary. 

Two sheep which had been dosed with a solution containing 
nicotine and copper sulphate, had swallowed this into Ihe abomasum. 
A repetition of this test again gave the same result. A test was then 
made on two sheep with nicotine alone, but this failed to produce the 
reflex. Before copper sulphate alone was tested a paper by Ross 
(1933) appeared, in which he recorded successful results with copper 
sulphate as stimulant. This author used 1 })er cent, and 2 per cent, 
solutions, giving 30 c.c. of these with 10 c.c. of a red stain and he 
found no sigiiifi(*an1 differences between the results t>btained with 
sheep straved up to 48 liours and unstarved sheep. Of 84 sheep 
stimulated with 2 per cent. (;opper sulphate 79 swallowed into the 
abomasum, and similarly 11 of 12 sheep stimulated with a 1 per 
cent, solution. 

Our results with copper salts which are given below, indicate 
that reflex closure of the oesophageal groove can be stimulated in 
this way, but that there are certain limiting factors, and it was 
our intention to elucidate the conditions under which the best results 
can be obtained. While the work is still in progress, it has reached 
a stage at which publi(*ation of our results is warranted, parti(‘ularly 
also because methods of treatment against gastro-intestinal worms 
of sheep are no\v being recommended on this basis. 

The sequence of the records of experiments as given below does 
not coincide with the chronological order in which the tests w^ere 
made, but was arranged to give a systematic review^ of the results 
obtained. Moreover, these experiments wei'e run more or less 
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parallel with investigations on the chemotherapy of oesophagosto- 
miasis, frequently being influenced by results obtained in that work 
(see paper by Monnig in this issue). 

1. Effect of Starvation. 

Sheep 1-6 were not starved. Sheep 7-14 were kept from food and 
water for 24 hours. 

All the sheep were dosed through a funnel, to which was attached 
a short length of rubber tubing provided with a metal nozzle, which 
was placed in the mouth. The drench consisted of 30 c.c. 2 per cent, 
copper sulphate mixed with 10 c.c. 4 per cent, lithium carmine, or in 
some cases 4 per cent, erythrosin was used. 

Table I. 


Sheep No. 

Age, 

Condition. 

Rumen 

Contents. 

Result. 

Unstarved 1 

Teeth. 

8 

good 

»♦ 

semi-solid 

(50-50) 

2 

8 

fluid 

99-1 

,3 

8 

»» 

semi-fluid 

(10 16) 

4 

2 


»♦ 

20-80 

5 

8 

»» 

semi -solid 

90 10 

6 

8 

9* 


10-90(2/2) 

Starved 7, 

8 

9* 

fluid 

0-100 

8 

a 

99 

99 

5-95 

9 

8 

99 

99 

5 95 

10 

2 

99 

♦» 

80-20 

11 

2 

99 


0-100 

12 

2 

99 

99 

5 95 

13 

8 

99 

semi-solid 

100-0 

14 

8 

99 

fluid 

(40-60) (2/6) 


Under the heading llesult ’’ are given the estimated per- 
centages of the drench which reached the rumen and reticulum (on 
the left) and the abomasum 1(on the right). Sheep 3 did not swallow 
well. Discarding the results of sheep 1, 3 and 14, it is seen that of 
the unstarved group two swallowed to the rumen and two to the 
abomasum and of the starved group respectively two and five. 

The following sheep were similarly treated, but the copper sul- 
phate solution was administered first, followed immediately by 10 
c.c. 4 per cent, erythrosin. 

Table II. 


Sheep No, 

Age. 

Condition. 

Rumen 

Contents. 

Result. 

Unstarved 15 

Teeth 

2 

good 

semi -solid 

5-95 

16 

2 

99 

semi-fluid 

2-98 

17 

2 

99 

99 

10-90 

18 

2 

99 

99 

0 -100 (0/4) 

Starved 19 

2 

99 

99 

2-98 

20 

2 

99 

99 

0-100 

21 

2 

»» 

semi-solid 

6-96 (0/3) 
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The above results, as well of those of all the following tests in 
which the sheep were not staiwed, indicate that starvation is not 
an important factor in bringing about the reflex. In our pievious 
work and also in tlie present series of tests it was found that fluidity 
of the ruminal contents favours the establishment of the reflex, and 
for that reason the sheep had in previous tests frequently been given 
a drink immediately before being treated. It bad, moreover, been 
observed that long starvation (36-48 hours) tends to produce fluid 
ruminal contents, and this was also noted by Ross (1931 and 1934), 
whose findings, that sheep under such conditions readily swallow to 
the ahomasum without stimulation, fully agree with our experiences. 

Apart from the fact, however, that sheep suffering badly from 
worms, particularly Oesophagostouwm columhianum, cannot safely 
be starved for lengthy periods, starvation is undesirable for other 
reasons which have already been discussed by one of us in previous 
papers (Mbnnig 1929a, 1929b, and 1933). It appears, therefore, that 
sufficient attention has been given to this aspect of the problem and 
that starvation should not be practised any longer in the dosing of 
sheep for worms. In the following tests all the vsheep w^ere therefore 
allowed food and water up to the time of treatment. 

2. Method of Administii.\tion. 

Stiles (1901) dosed sheep with fluids through a funnel with 
rubber tubing and a metal nozzle, which was placed betw’een the hind 
teeth, and he arrived at the conclusion that this method of drenching 
stimulated the animals to swallow into the abomasum, })ut that the 
position in which the sheep was held influenced the result, the most 
favourable i)osition being that in which the sheep stood normally 
on iis feet. In the above recorded tests the sheep were drenched in 
this way, but the results ^^ere inobably not influenced by the method 
of administration since at least as good results were later obtained 
by other methods. 

Table III. 


Sheep No. 

Age. 

Condition. 

Kumen 

Contents. 

Result. 

(^f) 30 e.c. 3®o PiiS ()4 mixed 
22 

Teeth. 

with teaspoo 

nful red lead 

oxide. 

‘ 

4 

good 

semi-solid 

2-98 

23 

2 

»» 

>» 

98 -2 (1/1) 

(b) 30 c.e. 5% OUSO 4 with te 
24 

aspoonful red 
2 

lead oxide, 
good 

semi-solid 

0 100 

25 

2 


»» 

15 -85 (0/2) 

(c) 30 c.c. 3% CuS() 4 , then r 
26 

ed lead oxide 
2 

by Hpoon. 
good 

semi-solid 

2-98 

27 

2 

»» 

»» 

0-100 

28 

2 

»» 


0-100 

29 

2 


fluid 

(50-50) (0/3) 

(rf) TeaBDoonful 5% CUSO 4 b 

y Bpoon, the 

n red lead ox 

ide. 

30 

2 

good 

fluid 

10 90 

31 

2 


„ 1 

0 -100 ( 0 / 2 ) 

(e) 20 c.c. water with red lea 
32 

d oxide. 

2 

good 

fluid 

99-1 

33 

2 

»» 

semi-solid 

(50 -50) (1/0) 
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In Table III are given the results on further tests with regard to 
this point. The fluids were administered to sheep 22-29, 32 and 33 
according to the method of Stiles. 

Unfortunately sheep 33 must be discarded and the number of 
sheep in group (e) should have been larger, but the results, paiii- 
cularly group (d), as well as the results of all the following tests, show 
that the method of administration according to Stiles is not an im- 
portant factor. 

All the above results (Table I and II) seem to indicate that the 
reflex is stimulated very rapidly once the stimulant reaches the 
plmrynx, but that to administer the full quantity of a drug into the 
abomasum it is desirable to give the drug after the stimulant and 
not mixed with it as the first gulp swallowed may pass into the 
rumen. This was further confirmed hy subsequent tests and expe- 
riences. Points of importance arising from this conclusion are the 
time required for the reflex closrue of the oesophageal groove to 
occur and the duration of the reflex. 

3. IIapidity oe Reflex Clositre. 

In general it may be stated that the impression obtained in these 
tests is to the effect that the reflex is established immediately on 
stimulation, i.e. the moment a solution of the stimulant touches the 
mucosa of the pharynx. In order to test this i>oint further the 
following sheep were dosed with a mixture of powdered copper sul- 
l)hate and red lead oxide. The saliva would have to dissolve some 
copper sulphate before this could produce the stimulus. 

Table IV. 


Sheep No. 

Ago. 

« 

Condition. 

Rumen 

Contents. 

Result. 

(a) Powder placed on back of 

tongue (swal 

lowed imined 

iatcly). 


34 

Months. 

12 

poor 

semi-fluid 

10*90 

35 

12 


100*0 

36 

12 

»» 

»» 

100*0(2/1) 

(6) Powder placed on tip of t 

ongue (swallo 

wing delayed 

). 

37 

12 

poor 

semi-fluid 

0 30 

38 . 

12 

»» 


0*100 

39 

12 

ft 

„ 

1 *99 (0/3) 

(c) Powder placed into cheek 
40 

(swallowing 

12 

delayed). 

poor 

semi-fluid 

0*100 

41 

12 


tf 

0*100 

42 

12 

ft 

tf 

0 *100 (0/3) 


It is seen that w^here a slight delay in swallowing occurs — even 
in sheep 34 this probably was the case — the stimulus is given and 
the drug passes to the abomasum, 

4. Duration of Reflex. 

It is important to know" how^ long the groove will remain closed 
in order to allow" dosing into the abomasum with large quantities of 
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fluid or oven with sniall doses of drugs. The time elapsing between 
tJie adminisiraliou of Ihe stimulant and the indicator, red lead oxide, 
was carefully timed by means of a stop-watch. 

Tahlk V. 


Sheep No. 

Ape. 

(yondition. 

Rumen 

('ontentH, 

Result. 

— - - - 

1 _ 

- 

— 

— 

{a) 50 e.c. 2% CUSO 4 mixed 
43 

Teeth. 

with red lea 
4 

1 

d oxide, 
good 

semi -solid 

0 100 

44 

4 

,, 

1'99 

45 

4 

„ 

,, 

5-95(0/3) 

( 6 ) 10 c.e. 5% GuvSC) 4 , indiea 
46 

tor after 10 

2 

seconds. 

good 

fluid 

0 100 

47 

! 2 



2 98 (0/2) 

(r) 50 c.e. 2% CuS() 4 , indiea! 
48 

to after 15 

4 

seconds. 

good 

semi-soUd 

0 100 

49 

4 

99 


5 45 (0/2) 

(d) 50 e.e. 2% (' 11804 , indiea 
50 

tor after 20 

4 

seconds. 

good 

semi-solid 

5 95 

51 

4 


i 100 0 

52 

4 


•» 

5 -95 (1/2) 

10 e.e. 5% (' 11804 , indiea 

tor after 20 

seconds. 

, 


53 

4 

poor 

semi-fluid 

60 0 

54 

4 

j semi -solid 

50 30 

55 

! 4 


1 semi-fluid 

60 0 (3/0) 

( 1 ) 50 c.e. 2% (’U 8 O 4 , indiea 
56 

[tor after 30 

! 4 

seconds. 

1 good 

j semi -solid 

1 

95 5 

57 

i 

! 

5 95 

58 

1 4 


1 

1 

98 2 (2/1) 

10 e.e. 5% CU 8 O 4 , indiea 

Itor after 30 

si'conds. 

1 

1 


59 

! 4 

poor 

1 semi -solid 

! 0 100 

60 

: 4 

' »♦ 

solid 

0 100 

61 

: 4 

I poor 

semi-solid 

60 0 

62 

2 

j goo*! 

fluid 

100 •(> 

63 

! 2 


0 100(2/3) 


The tests with b })er cent. CuSOj in groups {(h and (c) were 
performed later than the rest, after it had been found that the stronger 
solution i)t*<^duces better stimulation under certain circumatances (see 
se(*tion 5 below’). It may be concluded that reliable results can be 
obtained up to 15 seconds after stimulation, but that after 20 seconds 
the groove is no longer closed in all cases with the concentration of the 
stimulant used and taking into consideration the condition of the 
slieej) (section 0) and the consistency of the ruminal contents. 


5. CoNCENTHATION OF STIMULANT. 

The WT)rk done under this heading was greatly influenc'ed by the 
results obtained in dosing sheep for Oesophagostomuin cohtmhianvm 
under field conditions* At first 2 per cent. CuSOj was used in many 
of these therapeutic experiments, until it became clear that the 
stimulation was not satisfactory. This w’as followed by 5 per cent, 
and later 10 per cent, solutions, and the results of stimulation were 
checked in the degutition tests reported here. In the following te/tv«^ 
the red lead oxide w^as given immediately after the stimulant. 

m 
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Table VI. 


Sheep No. 

1 

j Age. 

Condition. 

Rumen 

Contents. 

Result. 

(a) lOc.c. () 1 %Cu 804 . 

64 

Teeth. 

6 

good 

semi -solid 

100 0 

65 

6 

9f 

0 100 

66 

6 

♦> 

ff 

60-30 (2/1) 

(6) lOc.c. 0-25% CuSO^. 





67 

6 

good 

semi -solid 

0 100 

68 

Months. 

6 

»» 

99 

0 100 

69 

Young lamb 

„ 

empty 

0 - 100 (0/3) 

(c) lOc.c. 0 - 5 %CuS 04 . 

70 

Teeth. 

6 

good 

semi -solid 

0 100 

71 

6 

»♦ 

9* 

0-100(0/2) 

(d) 10 c.c. 2% CuSO«. 




72 

4 

gopd 

solid 

10 90 

73 

4 

semi-solid 

(40*60) 

74 

4 



0 100 

76 

4 

medium 

99 

70-30 

76 

4 

good 

semi-fluid 

70 30 

77 

4 


semi-solid 

0 100 

78 

4 


99 

100*0 

79 

4 



0-100 

80 

4 


99 

(.TO 50) 

81 

4 

poor 


100*0 

82 

4 

„ 


100*0(5*4) 

(e) 10 c.c. 6 % CUSO 4 . 




83 

4 

good 

solid 

20*80 

84 

4 


semi-solid 

5 95 

85 

4 

99 

1 

10*70 

86 

4 


solid 

0*100 

87 

4 

»♦ 

fluid 

0 100 

88 

4 


semi -solid 

0 . 100 

89 

4 

>» 

semi-fluid 

0 100 

90 

4 

>» 

fluid 

0 100 

91 

4 

tf 

semi-fluid 

0 UK) 

92 

Months. 

12 

poor 

99 

0*100 

93 

12 

»» 

99 

0 100 

94 

12 


fluid 

0*100 

95 

12 

99 

99 

0*100 

96 

12 

9 * 


0 100 

97 

Teeth. 

8 

very poor 

semi -solid 

0*100 

98 

8 

99 

semi-fluid 

0*100 

99 

8 

99 

99 

95*5(1/16) 

(/) 3 c.o. 10% CuSO,. 

100 

Months. 

12 

poor 

semi-fluid 

0*100 

101 

12 

99 

99 

0*100 

102 

12 

99 

' fluid 

0 100 

103 

12 

f9 

99 

0*100 

104 

12 

99 

99 

0 *100 (0/5) 

5 c.c. 10% CuSO*. 

105 

Teeth. 

8 

very poor 

semi-solid 

0100 

106 

8 


99 

0*100 

107 

8 

99 

99 

0*100(0/3) 

2 6 c.c. 10 %CuSO 4 . 




108 

8 

very poor 

semi-fluid 

0*100 

109 ; 

8 

99 

semi-solid 

100*0 

110 

8 

99 

solid 

0*100 

Ill 

8 

99 

semi -solid 

0*100 

112 

8 

99 

» 

0*100 

113 

8 

*f 

99 

0*100 

114 

8 

99 

99 

5*96 

115 

8 

99 

semi-fluid 

(2*10) (1/6) 
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The 0-1 per cent, solution is apparently too weak. A 0*25 per 
cent, or 0*5 per cent, solution may give quite good results if all other 
factors are favourable, and this will also be the case with a 2 per cent, 
solution, but the results obtained with the latter were on Ihe whole 
very disappointing, particularly with sheep in poor condition (Nos. 81 
and 82 ). The 5 per cent, solution gave much more satisfactory results. 
The 10 per cent, solution was tested only on })oor sheep and the 
results are very promising even with as small quantities as 2*5 c.c. 

It may be difficult to draw^ definite concIusi<)ns from the above 
results sin(*e the numbers of sheep used are still small and Ihe results 
may not be very convincing. However, if one considers also the results 
under the other headings and particularly the field experiences in 
dosing against Oesopltaf/oi^tomv m columhianum , it becomes quite clear 
that there are certain other controlling factors and that, if these are 
favourable, a 2 per cent, solution will produce the reflex, but if 
these factors are unfavourable a 5 per cent, or even a 10 per cent, 
solution is necessary. 

The chief controlling factors appear to be age and condition of 
the sheep and consistency of the ruminal contents. The last point 
has already been discussed. Young sheep (ian undoubtedly be more 
easily stimulated than older sheep, but what is much more important 
is the observation made in the field tests referred to, namely that 
shee]) badly infested with a worm like ()eso2)hagostomum colmnhw- 
rnnn or which for sojne other reason are in very poor condition, 
sluggish and numb, are very unsatisfactory subjects to stimulate. 
It stands to reason that their nervous reflexes are not as lively as 
are those of sheep in reasonably good condition. The article on 
therapy of oesoj)hagostomiasis in this issue will show the marked 
difference in the results obtained after stimulation with 10 per cent, 
and with weaker solutions. 

Unfortunately this knowledge was gained at a relatively late 
stage of the work and it will be noticed that the tests in other sec- 
tions suffered from lack of knowledge on this point. The results all 
round could have been more definite if variations due to the concen- 
tration of the stimulant had not been present. 


0. CoNDi'iioN or Sheep. 

In order to obtain an idea of the percentage of successes that 
may be obtained, a test was made at a local abattoir on sheep which 
were being slaughtered there and, since these sheep were all in good 
condition and fairly excited, the results will be interesting as con- 
firmation of the conclusions arrived at in section 5 above and in 
contrast to other tests reported below in this section. 

The sheep slaughtered at the abattoir had been allowed to graze 
and drink until the previous evening and were then brought into a 
bare paddock. Early in the morning they were taken in lots of 
about 30 to small pens adjoining the slaughter hall. Here they 
were caught one by one and dragged into the hall, some coming in 
on their sides or backs, only a small minority on their feet. Just 
inside the door they w^ere dosed with 10 c.c. 2 per cent. CUSO4 
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immediately followed by red lead oxide and this was done in w^hat- 
ever position the sheep happened to be at the time. Immediately 
after having been dosed, the sheep were killed and the stomachs 
w^ere examined later. Of 143 sheep dosed 32 had not swallowed 
before they were killed. Of the remaining 111 , 108 sw-allowed into 
the abomasum. The ruminal contents were fluid or semi-fluid. There 
were 25 persian lambs, of wdiich 24 sw^allowed into the abomawsum, 
and the other sheep were of different ages but mostly full-mouth, some 
being presians or cross-breeds but the majority merinos. The posi- 
tion in which the sheep wvre held at dosing did not appear to have 
any effect at all. 

These results were certainly satisfactory and both the condition 
of the sheep as well as the consistency of the ruminal contents were 
favourable. The sheep had been grazing on young, succulent grass 
the previous day. 

Four sheep ii\. poor condition were driven into the post-mortem 
hall at Oiiderstepoort and an attempt was made to excite them by 
hitting them with a white towel and chasing them about before they 
w^ere dosed, but they did not pay much attention to these efforts. 
They w^ere stimulated with 10 c.c. 2 per cents. CuSOi and then given 
the usual level teaspoonful of red lead oxide. 


Tabde VIT. 



Sheep No. 

Age. 

Condition. 

Rum on 
ContentH. 

Result. 

1 J 6 ... 

117.. . 

118.. . 
1]9... 


Teeth. 

4 

4 

4 

4 

poor 

ff 

99 

solid 

semi -solid 

1000 

90-10 

90-10 

0 -100 (.3/1) 


Here the condition as well as the (xmsisteucy of ruminal con- 
tents, at least in sheep IIG and IIT, were unfavourable and the resuli 
was accordingly unsatisfactory. 

7. Acidity of Rttminae Contents. 

It had been noticed that the ruminal contents of some sheep 
have a strong acid smell and that this is iisuall.\ the case when the 
contents are on the solid side, particularly in sheep that had re(‘eived 
a ration of grain in their food. In order to determine whether such 
acidity might counteract the stimulant, four sheep (a) were given 
50 c.c. 5 per cent, sodium bicarbonate solution before the stimulant 
(10 c.c. 6 per cent. CUSO 4 ) and indicator were administered, four 
others (h) were dosed only with water instead of bicarbonate and 
another four (c) only with stimulant and indicator. All the sheep 
had been given a ration of dry hay and maize for some days pre- 
viously. 
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Table VIII. 


Shoop No. 

Age. 

Condition. 

Rumen 

ContentH. 

Result. 

(n) 120 

Teeth. 

4 

poor 

9f 

Hemi’solid 

0100 

121 

4 

99 

0 100 

122 

4 

*f 

99 

(100) 

123 

4 

»» 

Hemi'duid 

0 100 (0/: 

(6) 124 

4 


semi-solid 

0 100 

125 

4 

»♦ 

99 

(10 10) 

126 

4 

*9 

semi-fluid 

0100 

127 

4 

99 

99 

0 100 {{)/i 

(c) 128 

4 

99 

semi -solid 

(50-50) 

129 

4 

99 


100-0 

130 

4 

99 

semi-fluid 

0 100 

131 

4 

1 

\ ** 

99 

0-100(1/: 


Unfortunately the ruminal (‘ontents were not solid. The results 
do not indicate that there is anything* in favour of the alkali, but 
possibly the 50 c.c. of fluid p^iven in cases of (a) and (b) may have 
had a favourable eflfect. 

8. Astuingency of Stimulant. 

Since it was not clear why copper sulphate produced the 
stimulus, the tests under this and the next two headings were made 
to ^ain some knowledf»:e with regard to this question. It is known that 
copper sulphate solutions are strongly astringent, and therefore other 
astringents were tested. 


Table IX. 


Sheep No. j 

1 A«e, j 

Condition. 

Rumen 

C'ontents. 

Result. 

1 


Teeth. 

' 1 
! 1 



(</) 10 c.c. 5% Ferric chloride. 

then indicat 

[or. j 



132 

4 

medium 

semi-solid 1 

1(X) 0 

133 

4 


»i 

(30-30) 

134 

2 

gowl 1 

fluid 

0-100 

135 

2 

- i 

,, 

5 95 

136 

2 

|>oor 

semi -solid 

10 90 

137 

2 

,, 


10 .50 

138 

2 



0 100(1/5) 

(b) 10 c.c. 5% Sodium alum, 

then indicate 

r. 


139 

2 

good 

fluid 

(50-50) 

140 

2 

99 


0-100 

10 c.c. 10% Sod. alum, t 

hen indicator 

* j 



Months. 




141 

12 

poor 

semi-fluid 

100 0 

142 

12 

99 

„ 

(50 50) 

143 

12 

„ 

99 

(50-50) (1/1) 

(c) 10 c.c. 10% Tannic acid, 

then indicate 

r. 



Teeth. 




144 

2 1 

poor 

semi-fliiid 

(50-50) 

146 

2 

99 

90 10 

146 

2 

" 1 

99 

95 -6 (2/0) 
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Although the results of group (a) look satisfactory the metallic- 
ion may have had an influence (see below, section 10) ; the results 
with aluiri are indefinite, while tannic acid does not give the indi- 
cation that astringency is the important factor. In all cases vstrong 
solutions were used, the sheep were mostly young and the ruminal 
contents of favourable consistency, so that, althougli some of the 
sheep were poor, better results would have been expected with the 
use of copper sulphate. The results, however, are admittedly not 
quite convincing, and the tests should be repeated. 

9. Other Copper Salts. 

In order to make sure that it is the Cu-ion which is the active 
stimulent other copper salts were tested. These, it must be noted, 
however, all give astringent solutions. 

Table X. 


Sheep No. 1 

Age. 

Condition. 

Rumen 

Contents. 

Result. 

(o) 10 O.C. 5% Cu(NOa)„ then 
147 

Teeth. 

indicator. 

2 

poor 

seini-duid 

2*98 

148 

2 

>» 


(0 0) 

149 

2 


99 

0 100 

160 

2 ! 

»# 


0 100(0/.3) 

10 c.c. 2% Chi(N 08 ) 2 , then 
151 

indicator. 

4 

poor 

semi-solid 

0 100 

152 

6 

ft 

semi-Buid 

40 60 (0/2) 

(b) 10 0 . 0 , 6% copper acetate, 
353 

then indicat 
2 

or. 

. poor 

semi-fluid 

0 100 

154 

2 

»» 


0 100(0/2) 


Sheep 152 may have to be disregarded. Otherwise it seems fairly 
clear that other copper salts will give the reflex. 


10. Other Metals. 


Table XI. 


Sheep No. 

Age. 

Condition. 

Rumen 
' Contents. 

Result. 

(a) 30 c.c. 3% AgNOj, then 
163 

Teeth. 

indicator. 

6 

good 

semi-solid 

10-90 

164 

6 


»» 

0-100 

166 

6 


ft 

0-100 

166 

2 

poor 

ft 

(10-30) 

167 

2 


tf 

100 0 

10 C.O. 1% AgNOj, then 
168 

indicator. 

2 

poor 

semi-solid 

10-90 

160 

2 


ft 

5-95 

160 

2 

f* 

ft 

96-6(2/6 
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Table XT (Confiiuted), 


Sheep No. 

Age. 

Condition. 

Rumen 

Contents. 

Result. 

(h) 10 c.e. 3% CdS() 4 , then in 

dieator. 




161 

6 

good 

semi -solid 

0 l(K) 

162 

6 

t > 

99 

106 0 

163 

6 

99 


95 5 (2/1) 

(c) 10 c.c. 3% ZnSO^, then in 

dieator. 




164 

6 

good 

semi -solid 

0 100 

165 

6 



10 60 

166 

6 


99 

0 100 

10 e.e. 1% ZnSO^, then in 

dieator. 




167 

6 

good 

semi -solid 

100 0 

168 

6 

ft 

99 

lfK)0 

169 

6 

,, 

99 

5 95 (2/4) 

{(1) 10 c.c. 3% NiCIo, then ind 

icator. 




170 

2 

poor 

semi -solid 

100 0 

171 

2 


,, 

70 30 (2/0) 

(e) 10 c.c. 3% Al 2 (S() 4 ) 3 , then 

indicator. 




172 

2 

poor 

semi -solid 

100 0 

173 1 

2 

ft 

»» 

99 1 (2/0) 

(/ ) 10 c.e. 3% BaCla, then ind| 

icator. 




174 

2 

I>oor 

semi -solid 

1000 

175 

2 ! 

99 

100 0(2/0) 

Ig) 10 0 . 0 . 3% Sodium acetat 

e, then indio 

ator. 



176 

2 

j)Oor 

semi-solid 

(30 10) 

177 

2 

,, 

' »♦ 

100 0(1/0) 

(/t) 10 0 . 0 . 3% FeS 04 , then in 

dieator. 




178 

6 

good 

semi -solid 

100 0 


Months. 


1 

179 

9 

99 

99 

(50-50) 

180 

9 


99 

100 0 

181 

9 

99 


30 70(2/1) 


According- to the periodic table the metals Zinc and Silver are 
the most closely related elements to (\)pper, and it is interesting’ to 
see that these two have also given the best stimulus. However, no 
definite conclusion can be drawn from these small numbers of animals 
and i)ossibly the valen(\v of the metals may have to be taken into 
account — com])are the results x^ith ferric and ferrous vsalts (Tables 
IX and XI). At any rate, nothing better than the Copper salt was 
found, and that was the information required at the moment for prac- 
tical purposes. 


11. Duugs after CUSO4. 

It was important now to determine whether (*^frtain drugs, 
administered after the stimulant, might not counteract the stimulant 
or for some other reason cause the oesophageal groove to open.. 

In all the groups except (a) the substance tested was admini- 
stered immediately aftei stimulation with 10 c.c. 5 per cent. CuSO^. 
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Table XII. 


Sheep No. 

Age. 

Condition. 

Rumen 

Contents. 

Result. 


Teeth. 




{a) 0*5 c.c. 40% nicotine snip 

hate -f 0-5 

Gm CUSO 4 -f 

30 c.c. water 

+ Pb,0,. 

182 

4-8 

medium 

semi -solid 

0100 

183 

4-8 

»» 


0100 

814 

4-8 



0 100 (0/3) 

(b) 6 c.o. CCL 10 c.c. liquid 

paraffin -f 

Pb, 04 . 


186 

4-8 

medium 

semi -solid 

10-90 

186 

4-8 

*> 

99 

30 70 

187 

4-8 



10 -90 (0/3) 

(c) 5 c.c. C 2 CI 4 + 10 c.c. liqui 

d paraffin -f 

Pb, 04 . 


188 

4-8 

medium 

semi- solid 

0-100 

189 

4-8 


♦» 

0-100 

190 

4-8 

>» 

*» 

100 0 ( 1 / 2 ) 

Many more cases have sin 

ce been treat 

ed in this wa 

y with good 

results. 

(d) 60 o.c. 20% MgSO. + Pb, 

04 . 



191 

6 

good 

semi -solid 

100-0 

192 

6 



0 100 

193 

6 

9 * 

»» 

0 100 ( 1 / 2 ) 

(e) 100 c.c. 10% Jalap Pbj^ 

04 . 


i 

194 

6 

good 

semi-fluid j 

0 100 

195 

6 


0 100 

196 

6 

99 

semi-solid 

0 -100 (0/3) 

(/) i teaspoon calomel -fit 

easpoon PbgO 

4* 


197 

6 

good 

semi -solid 

0 100 

198 

6 

99 

>» 

0 100 ( 0 / 2 ) 

(g) 50 c.c. ol. lini f- Pbg 04 . 




199 

6 

good 

semi-solid 

0-100 


Months. 



200 

6 

99 


! 0 100 ( 0 / 2 ) 


Teeth. 



(h) teaspoonful AsjSg powder. 





201 

6 

good 

semi-solid 

90 10 

202 

6 

9^ 

10-90(1/1) 

(i) 30 c.c. 3% Lugol’s iodine 

-f Pb 304 . 



203 

6 

good 

semi -SO lid 

10-90 

204 

6 


0 - 100 ( 0 / 2 ) 

(j) 30 o.c. 1 % Tarter emetic 

-f Pb3(44. 



206 

6 

good 

scini-solid 

0 100 

206 

6 

99 


0 - 100 ( 0 / 2 ) 

(k) 30 c.c. 1% Gentian violet 

-f Pb 304 . 



207 

6 

good 

.semi-solid 

O-IOO 

208 

6 

»» 

99 

0 - 100 ( 0 / 2 ) 

(1) 30 c.c. water at 40® C. -f 

PbgOg. 



209 

6 

good 

semi-solid 

0-100 

210 

6 

99 

J, 

10-90(0/2) 

30 c.c. water at 60® C. -f- 

PbgOg. 


• 

211 

6 

good 

semi-solid 

0-100 

212 

6 

99 


0 - 100 ( 0 / 2 ) 
and tapering to- 

(m) 3 hard tablrts each 9 mm. 

in diameter, 

4-5 mm. th 

ick in centre 

wards the edges. Tablets 
spat out. 

not shown in 

result were n 

ot found in s 

heep, probably 

213 

6 

good 

semi-solid 

0-2 

214 

6 

99 

0 3 

216 

6 

f« 

*9 

0-2 

216 

6 

99 

99 

1-0 

217 

6 

99 

99 

0 -3 (1/4) 

(n) 1 gelatine capsule 100 mg.. 

filled with P 

bs04. 


218 

6 

good 

semi-solid 

10 

219 

6 

99 

99 

1-0 

220 

6 

99 

99 

1 -0 (3/0) 
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The results show that the oesojihageal groove is firmly tlosecl 
and that ordinary drugs will nol c*ause it to open. Even siriall tablets 
are frequently swallowed Ihrough — a point which should be further 
investigated and which may be of great value in therapeutic work — 
but that large bodies such as a gelatine capsule measuring 25 by 8 
mm. will still pass to the rumen. 

12. Hate of Passaije of Drugs through Alimentary Traci . 

It was next attempted to find at wdiat rate drugs administered 
into the abomasum would pass through the intestine since this point 
is of some importance in therapy against worms in the colon. The 
work done up to the present is not yet very informative, but the 
following results may be given. 

Eight sheep w^ere dosed with 10 c.c. 5 per cent. CuSO^ followed 
by a teaspoonful of red lead oxide. 

(a) Killed after 1 hour: — 

Sheep 221, 4t., poor, powder in abomasum and duodenum. 

Shee]) 222, 4t., poor, potvder in abomasum only. 

(h) Killed after 3 hours: — 

Sheep 223, 4t., poor, powder in forestomachs. 

Sheep 224, 4t., poor, powder in abomasum and down to 
18 feet anterior to ileo-caecal valve. 

(c) Killed after 5 hours: — 

Sheep 225, 4t., poor, powder in abomasum and down to 
ileo-caecal valve. 

Sheep 220, 4t., poor, ^mw^der in abomasum and down to 
beginning of ansa spiralis of colon. 

((/) Faeces analysed for lead at intervals. Dosed 11.0 a.m. 

Sheep 227, 4t., poor, first traces in faeces after 5 hrs, 
(4 i).m.), strong after 22 hrs. (9.0 a.m. 
next day). 

Sheep 228, 4t., poor, nothing in faeces 4 p.m., stnmg 
after 22 hrs. 

Anothei' six sheep w^ere dosed as follows: 229-231 given 10 c.c. 
1 per cent. (hiS (-)4 followed by a teaspoonful copper arsenate, 232-234 
given 10 c.c. 5 per (*ent. CuSO* followed by the same drug. The 
sheej) were dosed at 4.30 p.m., 11.10.34, and the presence of copper 
was determined in the faeces at intervals. In the rei'ord of results 
- indicates absence of copper, (-f ) a trace, + small quantity, 4- + 
large (|uantity, (1 no faeces passed. 


Sheep. 

12.10.34. 
9.0 a.ni. 

[ 1 

i 10.30 a.m. 

1 

2 p.m. 1 

] 

' 1 

4 p.m. i 

13.10.34. 
9.0 a.m. 

229 

1 

(4) 1 

O 

() 

4 

4 

230 


O 

() 

O 

0 

231 

— 1 

4 

4 

O 

: 4 

232 

(4) 

O 

44 

G 

4 f* 

233 


(f) 

0 

4'f- 

+ 4- 

234 

— 

(4) 

0 

() 

4 
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It is, of course, not known which of these sheep had swallowed 
the drug into the abomasum. 

The results appear to indicate that the drug passes out of the 
abomasum in small quantities over a period of several hours, that 
the first amount may pass the ileo-caecal valve about 5 hours after 
treatment and that it remains in the colon for several hours, usually 
not being paswsed in the faeces before 15 hours have elapsed since the 
time of treatment, the bulk being passed from about the 22nd hour. 
It must, how’ever, be expected that marked variations may occur, 
depending on the nature of the drug itself, the food eaten by the 
sheep and the general digestive conditions in the alimentary tract 
at the time of treatment, for instance the degree of acidity of the 
abomasa! contents. In therapeutic work on Orsophoyostomma 
colvrnbtanvm, in which the results have been observed on several 
hundred sheep, it was found that the first worms may be passed from 
about 15 hours after treatment, while the majority are passed after 
that time and sometimes for a period uj) to five days, but this does 
not necessarily mean that the drug remains in the colon all that time. 

13. The Danger of Administering Drugs into the Abomasum. 

This article would not be complete without a warning against 
the dangers involved in administering drugs into the abomasum. 
The mucosa of this organ is remarkably tender, apparently much 
more so than the gastric mucosa of non-ruminants, and it is conse- 
quently very easily corroded by drugs which come in contact with it 
in a concentrated form. In therapeutic tests it was found that this 
danger is not by any means negligible. For instance, sheep dosed 
with 1 gm. sodium fluosilicate after copper sulphate all died and 
showed a localised necrosis surrounded by an inflamed area in the 
aboinasal mucosa. Also some farmers w^ho had heard about the 
method of administration and administered various remedies for 
Haemonchus contortus in this way, lost considerable numbers of 
sheep through remedies which ‘they had previously used successfully. 

Summary and Conclusions. 

(1) A solution of copper sulphate stimulates reflex closure of 
the oesophageal groove in sheep so that drugs subsequently admi- 
nistered will pass into the abomasum. 

(2) Preliminary starvation has no favourable influence, unless 
the sheep are starved for such a long period that the ruminal con- 
tents become fluid, in which case the latter condition is favourable. 
Starvation is, however, contra-indicated for reasons which are dis- 
cussed. 

(3) The method of administration and the position in which 
the animal is held are of no importance. 

(4) The reflex is established immediately after the stimulant 
touches the mucosa of the pharynx. 

(6) The groove remains closed for 15 seconds, sometimes longer, 
after stimulation. 
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(6) Other conditions being favourable, the stimulus can defi- 
nitely be produced by a 0*25 per cent, copper sulphate 6K)lution. 
Unfavourable fa(‘tors are advanced age, poor condition and dryness 
of ruminal conteaits. In it shown that a 10 X)er cent, solution is 
necessary to overcome the counteracting effects of these adverse 
factors. 

(7) It has not been definitely proved whether acidity of the 
ruminal contents is an unfavourable condition, but there are indica- 
tions that this is not the case. 

(8) Copper salts other than the sulphate produce the reflex, but 
it has not been definitely proved that the stimulus may not be due 
to astringency of tlie stimulant. 

(9) There are indications that the related metals zinc and silver 
may also produce the reflex. 

(10) Tarious drugs administered after the stimulant did not 
reverse the reflex. Small i)ills may be swallowed into the abomasum 
after stimulation but larger objects (small capsules) are not. 

(11) Pieliminary tests indicate that a drug administered into the 
abomasum may reach the colon in about five hours and that it may 
be passed in the faeces from about the 15th hour. 

(12) Since the abomasal inusosa is very tender, care must be 
exer('ised in administering drugs in the way indicated. 
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111. The Influence of Bowel Anastomosis on the 
General Nutritional State of Merino Sheep. 

By 

H. J. BESSELAAK, M.D. (Zurich), Pret<iria and 

J. I. QFIN, D.V.Sc., Veterinary Keseareh Officer, Onderstepoort. 


Intkoduction. 

In his Mechanics of the Digestive Tract Alvarez aptly quotes 
Billings to the eftect that “ a good reliable sett ov bowels iz wurth 
more tu a man than eniiy quantity of brains Loss of moderate 
portions of this tract leaves the individual with little disturbance, 
ileo-transversostomy is an operation of common occurrence and on 
the whole u ell-borne in man. Kesections of small gut pass by un- 
noticed. When however extensive portions of small intestine are 
sacrificed a margin of safety is approached beyond which health and 
vigour may become severely impaired. Observations of this type 
are equally numerous and varying, varying for the simple reason 
that all measurement of bowel in vivo is relative. The standard 
anatomical length of 22 feet ot small gut in the human can only be 
adhered to as a post-mortem fact. Attached to its fan-shaped mesen- 
terium, and subject to the play of varying degrees of tonus at opera- 
tion, it is possible to estimate the same length of bowel at the most 
divergent figures. Thus the cadaver length of o f) metres of small 
intestine is reduced to a total length of 2 •5-2 *75 metres from mouth 
to anus by swallowing of tubes in the experiments of Schembra and 
V. d. Keis. Moreover the normal divergence in bowel length in 
different individuals is such that the effects of extensive resection 
(*an rarely be gauged by measuring the excised length of bowel, and 
therefore only careful consideration of the remaining length of 
functioning tract can act as a guide to the re-establishment of 
equilibrium. 

It would appear that loss of anything above half the length of 
small bowel can lead to metabolic disturbances. Numerous such cases 
are reported after rese(*tion of 2 meters of small gut (strangulations 
and lesions post nbortum occurring frequently). Even loss of shorter 
stretches has led to disturbance, the subsequent autopsy revealing 
that the patient had originally had a much shorter intestinal tract 
than the classical length. In general the vast majority of extensive 
resections appertain to small gut with subsequent anastomosis of 
upper to lower small intestine. 
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The occasion for intestinal exclusion necessitating* an anasto- 
mosis between jejunum and colon is doubtless rare, and as such the 
problem of the permissibility of joining a minimum functional length 
of the small intestine to a given part of the colon has received scant 
attention. The experience of such a case stimulated our interest 
in this question. Briefly, a man aged 58, had recently before admis- 
sion into hospital recovered under conservative treatment from a 
subacute attack of ileus. The abdomen was still moderately dis- 
tended, and there was still evidence of bowel-distension. Barium 
enemas proved negative^ Oral administration revealed that a blind 
pouch became filled from the upper coils of the small bowel, and this 
in conjunction with a scar in the left hypochondriuni from draining 
some cystic cavity 15 years previous, seemed to establish the diagnosis 
of a pancreatic cyst wdiich might by adhesions be causing an in- 
complete obstruction. Laparotomy was agreed upon. At the opera- 
tion one found practically all the distal § of the small intestine em- 
bedded in one extensive mass of adhesions, superimposed upon (*ount- 
less cysts of the appearance of extremely thin w^alled dermoid 
cysts situated throughout the mesenierium of the small gut, and 
binding down the whole conglomerate mass to the caecum and 
ascending colon. At one spot a definite kink in the whorls of intes- 
tine had caused obstruction, as was evidenced by the dilatation of 
gut extending three feet pix)ximally. Three courses were open to 
pursue : — 

1. A radical resection of all involved gut and proximal colon 

in the presence of partial ileus w’oiild have meant certain 
death ; 

2. separation of such adhesions as were causing Ihe bowel 

obstruction was a rational, safe line to follow’, but un- 
certain in its effect and the duration thereof; 

3. an anastomosis between the free proximal small intestine 

to the colon could not be applied in the form of a jejiino- 
caecostomy, the whole mass preventing such approxima- 
tion, and would of necessity have had to become a jejuno- 
transversostomy. 

In view’ of the extreme uncertainty of such a procedure, rei ourse 
had to be taken to the second choice, that of liberating the strictured 
gut. A cyst excised intact for examination revealed a laminated 
membrane of echinococcal cyst with sterile debris as contents. 

In view of the above case it was decided to perform a series of 
investigations upon animals to attempt to ascertain whether the 
proximal half of the colon was of essential value in cases witli a 
minimal residue of small intestine, in casu, jejunum. There seemed 
reason to believe that the function of the proximal colon is of suffi- 
cient importance to provide differept results in jejuno-caecostoray as 
compared to jejuno-transversostomy. 

The hind-gut, in man and in most animals, has repeatedly been 
shown to act mainly as a faecal reservoir with comparatively little 
absorptive or excretory function to perform. In man the hind-gut 
commences at the junction of the middle and distal third of the 
transverse colon. That part of the large intestine which would be 
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excluded in a jejuno-transversostomy forms the distal part of the 
mid-"ut. It has far greater sig-nificance than the distal colon or 
hind-g*ut. Such is already evi deluded by its greater diameter, the 
faecal end of the colon having a diameter of 0 c.m. as compared to 
2*5 c.m. at the distal sigmoid. The greater volume corresponds to 
the pre-eminently absorptive function of the proximal colon. Intes- 
tinal contents are discharged into the caecum in fluid state, and in 
the distal third of the transverse colon, that is on entering the hind- 
gut, are transformed into inspissated faecal balls. Nature effects 
this transformation over a short course by various ingenious 
manoeuvres of this portion of the gut, which has lately been inten- 
sively elucidated by X-ray cinematography (Wildegans). Chief of 
these is that peculiar movement of anti peristalsis, almost exclusively 
confined to this portion of the alimentary canal, and only question- 
ably present in the sigmoid colon under other than pathological con- 
ditions. Anti peristalsis, moreover, is responsible for faecal tumor 
formation in tlie pioximal colon in cases of intestinal exclusion, a 
subject upon which Tonnis offers considerable eliKudation. 

The extreme difference in the sisse and shape of the proximal 
colon in (iarnivorous and herbivorous animals is sufficient proof of 
its function of digesting cellulose ju’oducts in addition to its con- 
denser action. Man, the omnivorous forms an intermediate, with a 
ha ust rated colonic structure resembling the herbivorous type. Its 
comparative shortness in man on the other hand shows that it is 
designed for handling only small amounts of cellulose. Primitive 
man was a hunter and fisherman thousands of years before he learned 
to till the soil (Alvarez). 

The question therefore arises: can the proximal colon cope with 
semi-digested intestinal contents from the jejunum in the sense of 
its normal function, and thus ameliorate the extreme digef^tive 
deficit of a jejuno-trarisversostomy P And, alternatively, does the 
proximal colon, in virtue of its anti peristaltic function possibly still 
fumdion by retrograde filling from a jejuno-transversostomy in such 
cases of intestinal exclusion P Do such experiments shed any further 
light on faecal tumor formation in the proximal colon? 

The choice of animal would fall on monkeys, which, however, 
could not be obtained in sufficient number and similarity for such 
experiments. Carnivora with their extremely short colon would not 
,iustify any comparison to man, although the intestines of the dog are 
most favourable for manipulation and measurement. Pigs would suit 
the purpose but for the difficulty in handling them. Rabbits were 
tried as a first attempt at herbivora, hut it appeared that the mortality 
from shock within 24 hours (without technical deficiencies at the 
anastomosis) proved too great. It was therefore decided to select 
sheep. 

The colon in man corresponds mostly to that of the herbivorous 
animal, which is blessed with an extensive large bowel for the diges- 
tion of its cellulose nourishment. One felt too, that if there was 
no appreciable divergence between jejuno-caecostomy and jejuno- 
colostomy in herbivora one would be justified in concluding that the 
divergence should be relatively equally small in man. Unfortunately 
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the measurement of small intestine is exceptionally difficult in the 
proximal length of jejunum in the sheep, where the mesenterium is 
so short, and the bowel so deepseated that the utmost care is required 
to avoid mesenterial haemorrhage. As a point corresponding to the 
distal part of the transverse colon in man, one selected the mid- 
point of the ansa spiralis in the sheep, a point easily recognisable 
and constant, and a point moreover where the ingesta have become 
completely “ balled ^ . Absorption must therefore have been prac- 
tically completely effected before reaching this point. 


Operative Procedure. 

As experimental animals were selected 4-tooth iierino hamels in 
good condition and of clinically healthy appearance. All animals 
had been kept under laboratory conditions for some months prior to 
being placed in experiment. The ration both before and after 
operation consisted of good quality veld hay, green barley or green 
lucerne and a small daily allow’ance of yellow crushed maize, with 
drinking water ad lib. Records were kept of the appetite shown by 
animals at different times, although the actual daily quantities con- 
sumed were not recorded. At first all animals were weighed twice 
weekly although later on this was changed to one weighing weekly. 
Furthermore faeces were collected from all animals twdce weekly in 
linen bags strapped round the anus, and the amount, consistence 
and other characteristics described. For the rest, the animals were 
kept under constant clinical observation and post-mortem examina- 
tion carried out on all animals lost, special attention being paid to 
the measurements of the different parts of intestine. 

After 48 hours total starvation and prior to operation, the 
abdomen of the animal was shorn, shaved and washed and disinfected. 
Choral hydrate 60 to 80 c.c. 10 per cent, intravenously w^as used 
throughout as a general anaesthetic, the results on the wdiole being 
very satisfactory. All operations were performed under aseptic pre- 
cautions. The first step was a paramedian laparotomy extending 
from the level of the umbilicus 5 to 6 inches backwards. Following 
this, the caecum was partly withdrawn and ihe ileo caecal junction 
and lower ileum made out. Starting either from the ileo caecal 
opening or from the duodenum, certain lengths of small intestine 
were measured off Ux approximately 6-inch Iqops caught up pro- 
pressively between the thumb and forefinger of the two hands. This 
measurement as can be understood was at best only relative, seeing 
that the intestines are extremely elastic and festooned on the mesen- 
tery. Next the bowel was caught up in a rubber protected intestinal 
(damp over a length of +6 inches at a level previously decided upon. 
Depending on the anastomosis to be performed, a second clamp was 
placed either on the upper blind end of the caecum for a jejuno- 
cae(!ostomy or on to the ansa spiralis, i.e. at the junction of up])er 
and middle third of the colon for a jejuno-colostomy. 

Previous measurements oi the intestines of 4-tooth sheep gave 
values of 55 to 60 feet for the whole length of small intestine and 13 
feet for the large intestine, taken iminecHately after slaughtering of 
the animals. 
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After drawing up the clamps closely parallel to each other, a 
si(le-to-side aiiastomosivs was made with an opening of approximately 
2 to a c.ms. between the two loops of intestines which w^as united by 
a single layer of a continuous cat gut suture. Following this, the 
small intestine was doubly ligated just distal to the anastomosis and 
severed between the ligatures, the two stumps being buried by purse- 
string sutures. In this manner a direct passage could be established 
between any level of the small intestine and any part of the large 
intestine, the portion of small intestine distal to the anastomosis 
l)eing left in situ with its upper end blind. 

The abdominal wound was closed wu'th the usual three layers of 
sutures and collodion iodoform dressing applied to the skin. 


Experimental Findings. 

Altogether 18 sheep were used in these experiments, being 
divided into tw’o main groups of 8 each and one small group consist- 
ing of only 2 sheep. 


Grovp 1. 

In this group, (*oinprising 8 sheep, the pioximal oO ft. ot the 
small intestine as measured at the time of the operation, was anasto- 
mosed on to the ti]) ot the <*aeeum, the rest of the small intestine 
being left intact except for a closure and invagination of its ui)per 
stump. In the tollowdng table details are given concerning the bowel 
lengths as measured at autopsy, the ratio of anastomosed small in- 
testine to the distal closed portion, and also the time of death after 
o])eration. 


Table 1. 


Sheep 

No. 

Proximal ! 

small intestine ! 
anastomosed. 

Distal 1 
small ' 
i intestine. • 

1 1 

i > 

prox. to 
distal 
small 
intestine. 

; ! 

Large 1 

intestine. 1 

' i 

! : 

41014 

24 ft. 

28 ft. ; 

ltoM7 

j 

40596 

25 ft. 

36 ft. 

1 to 1-44 

13i ft. 

40697 

14 ft. 

25 ft. 

1 to 1-8 

13 ft. 1 

40585 

21 ft. 

29 ft. 

1 to 1-4 

Hi ft. 

40893 

29 ft. 

33 ft. 

1 to M 

13 ft. ! 

41061 

23 ft. 

41 ft. 

1 to 1-8 

1 

40846 

30 ft as measured 

— 

— 

— 

1 

at operation 1 




38246 

25 ft. as measured 

— 

— 

— 


at operation 

anastomosed on 





to ileum 3 ins. 
above iloo-caecal 
opening 

‘ 1 




Time of death. 


7 weeks. 

Si weeks. 

10 weeks. 

10 weeks. 

19 weeks. 

1 day (shock). 

Alive after 31 weeks. 

Alive after 44 weeks. 
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As will be seen from the above table, the total length of small 
intestines in the different sheep showed considerable variation 
although the length of large intestine was fairly uniform through- 
out. Furthermore in all the sheep which died, the length of small 
intestine anastomosed w^as shorter than that excluded, i.e. in every 
case actually less than half of the w^hole small intestine was kept in 
full function. In some cases this was only 4 ft. less than the divstal 
portion excluded while in others it W'as (jonsiderable and measured 
as much as 11 ft. However, by anastomosing on to the tip of the 
caecum the whole large intestine w^as kept in function. C5f the 8 
animals only 2 are still alive, 5 of the others having died at intervals 
ranging from 7 to 19 w eeks after operation, while 1 died from shock 
24 hours after operation. 

Clinical Symptoms . — The only symptoms of interest during the 
experimental period were those in connection with the general nutri- 
tional condition including Ihe body w^eights and the amount and 
nature of the faeces passed. 

Faeces . — All animals, except one, stood the operation very satis- 
factorily, and usually commenced feeding on the second or third 
day. In every case, however, a severe watery diarrhoea made its 
appearance within 5 days after operation. A similar attack of severe 
diarrhoea w’as repeatedly noticed to affect some of the animals at 
intervals of one to three weeks, the consistence of the faeces being 
very fluid, clear or only slightly turbid, brownish, and at wwst only 
mildly catarrhal. With the disappearance of the diarrhoea, usually 
after 2 to 3 days, the consistence of the faeces ra])idly increased to 
that of a fairly thin to thick pultaceous mass. At times there 
w’ere even signs of the normal pellet formation. The colour remained 
fairly constant ranging from a light yellowish green to the dark 
green of normal sheep’s faeces. The coarseness of the faecal matter 
show’ed little change and small pieces of undigested mai/e were at 
times observed in the excreta.* 

Body Weight , — In each of the 5 animals that died, there was a 
progressive decrease in the body weight up to the time of death as 
will be seen from graph 1, taken from the two sheep that died in 7 
w’eeks and 19 w’eeks respectively. In every case there was progressive 
emaciation, and weakness, the animal frequently appearing huddled 
up and with the back arched. Towards the end, profound w^eakness 
was followed by prostration with decubitus. Animals found in this 
state were slaughtered for post-mortem examination. 

In the tw’o animals that survived, a sharp initial decrease in the 
body weight was followed by a gradually progressive recovery. Thus 
as shown in graph 2 one sheep has practically reached its original 
body weight after 81 w’'eeks, while the other after 43 weeks shows 
considerable gain on its weight prior to the operation. Both animals 
appear lively, they feed well and the faeces passed is normally 
formed. 
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Graph 1. — Sheep 40893 and 41014, 

Proximal part ol small intestine anastomosed on to lip of Gaecum. Both dead. 



Post-mortem Findirifjs , — In all five rarcases examined, the ])alho- 
loj^ical changes noted were very uniform, varying slightly in degree 
only. Thus in every case there was definite cachexia, general 
atrophy of skeletal muscle and fatty tissues, gelatinoUvS infiltration 
of subcutaneous tissue, varying degrees of atrophy of the internal 
organs, especially the liver and kidneys, accompanied by brown pig- 
mentation, also general pallor of the carcase. The forestomachs and 
abomasum appeared small and in some cases badly filled and with 
signs of atony of the muscular wall. The proximal (anastomosed) 

f >ortion of the small intestines in every case appeared 1o ])ave suffered 
ittle or no change, being of the usual thickness and colour and con- 
taining apparently normal ingesta. The distal (excluded) part of 
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the small intestines, however, was materially altered in every sheep, 
being pale, markedly atrophic and threadlike. The lumen of the 
bowel was very small and contained only traces of a thick, creamy 
inspissated se(Tetion. No food residues wdiatever were found in this 
part, neither did any retrograde filling take place from the caecum 
through the ileo-caecal opening. In every case the anastomosis was 
found widely patent, easily admitting the index finger. It appeared 
well healed and without signs of any leakage. The large intestine 
appeared well filled, the iugesta showing little change from the 
normal. No morphological change was detected in the walls of the 
large gut. In two cases there was evidence of skeletal change, e.g. 
rib fractures follow’ed by poor callus formation. In these cases the 
ribs were found to be rather easily broken between the fingers. 
Samples of the different bones were collected for further examination. 


Graph 2. — Sheep 40846 and 38246. 

Proximal part of small intestine anastomosed on to tip of Caecmni. Both alive. 
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In this group, again consisting of 8 animals, the proximal half 
of the small intestine, measured off as being approximately 30 ft., 
was anastomosed on to the middle of the ansa spiralis, a point found 
io correspond to the junction of the proximal and middle thirds of 
the large intestine. It should be indicated that at this level the 
faecal pellets are already fairly well formed and of firm consistence 
proving that water absorption and consequently the dehydration of 
the faecal mass is largely conducted in the upper third of the large 
intestine. Thus in this series approximately the lower half of the 
small intestine as well as the upper third of the large intestine was 
excluded by the anastomosis. 

The following table indicates the different bowel lengths as 
found at autopsy, also the time of death after operation. 
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Table II. 


Sheep 
No. ; 

Prox. Hmall 
intestine 
(anastomosed). 

Distal 

small 

intestine 

(excluded). 

4or>ii ; 

19 ft. 

30 ft. 

40880 

25 ft. 

— 

39466 

18 ft. 

30 ft. 

32865 

281 ft. 

234 ft. 

39412 i 

22 ft. 

23* ft. 

40902 i 

241 ft. 

301 ft. 

41089 i 

231 ft. 

20 ft. 

38632 i 

25 ft. as measured 

— 


j at operation 


Prox. large 
intestine 
(excluded). 

Distal 
large 
inte >tiiie 
(anas- 
tomosed.) 

r ■ 

1 Time of death. 

L 

41 ft. 

10 ft. 

3 days (obstruction). 

— 

— 

10 days (diarrhoea). 

4 ft. 

9 ft. 

1 1 weeks. 

5 ft. 

84 ft. 

12 weeks. 

5f ft. 

i 8 ft. 

211 w^^ks. 

41 ft. 

81 ft. 

211 weeks. 

44 ft. 

8 ft. 

301 weeks. 

±4 ft. 

-f. 81 ft. 

Alive after 52 weeks. 


As shown in Table II only 1 out ot the 8 animals still survives. 
Two animals were lost within a few days after operation, one as the 
Jesuit of aeute ileus following oedematous rlosuie of the anastomosis 
wound in the intestines. The other sheep died as the result of a 
severe and obstinate diarrhoea appearing on the second day after the 
ojieration and lasting up to the time of death. Xone of the sedatives 
and astringents administered effectively stopped the condition. As 
in the previous ginm}), the total length of small intestines in the 
different animals showed considerable variation, although the large 
intestine was of closely uniform length in all the shee]). Except in 
the case of two animals, the length of small intestine exidiided was 
again greater than that which was anastomosed. 'Witli regard to 
the large intestine, the upper 4 to 5 feet was regularly excluded in 
every animal while aj)j)roximately twice this length was retained 
through the anastomosis. Five animals succumbed over a period 
I’anging from 11 to 8()i weeks after being operated. One sheep is 
still alive after 12 months. 

Ch nival Si/nipfo7Tis , — The symptoms shown by all animals in 
tliis group, except for the two acute cases, were veiy closely similar 
to those seen in the first group. In every case, however, the diarr- 
hoea was more persistent, although the degree of wateriness of tlie 
faeces varied from time to time. Normally formed solid faecal pellets 
were never collected fiMun any of these sheep. Even the one animal 
which is still alive after 12 months, has shown a diarrhoea during 
the whole period, at times so severe as to pi^ovoke extreme exhaustion 
verging on prostration. 

The weight curves too are very similar to those shown by the 
first grou]). (Iraph No. 8 is that of the sheep which died after 11 
weeks and 804 weeks respectively, wdiile the animal still surviving 
is represented on gi*aph No. 4. This latter animal has shown remark- 
able tenacity in spite of the severe and repeated attacks of diarrhoea, 
which are clearly represented on the graph by the numerous vsharp 
decreases in its body w^eight. Whereas none of the other animals 
appear to have made any serious attempt at accommodating them- 
selves to the new conditions of digestion, this one sheep has not only 
succ^eeded in adapting itself to existing conditions hut has actually 
gained 14 Ih. on its original weight as registered at the time of 
operation. 
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Graph 3. — Sheep 41089 and 39466. 

Proximal part of small intestine anastomosed onto ansa spiralis. Both dead. 



Weeks after operation. 

Graph 4. 


Sheep 41066. Lower ileum anastomosed onto ansa spiralis 

Sheep 38632. Proximal part of small intestine anastomosed onto ansa 
spiralis. 
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Fost-movtcm Frtidings, — On the whole Ihe pathological lesions 
are in ac(‘ord with those described for the first grunp. The degree of 
cachexia and atrophy was paiiicularly severe in those animals dying 
after the longest interval. The skeleton appealed small and stunted. 
The internal organs especially the liver, kidneys and spleen showed 
well marked atrophic changes. Thus the liver ob sheep ?fo. 41089 
weighed J80 grams compared with the liver of a healthy sheep of 
the same age weighing 550 grams. (See photograph No. 1.) The 
distal part of the small intestines excluded from the anastomosis was 
again found to be pale, atrophied and empty except for small amounts 
of inspissated secretion. The cae<*um ami npiier colon i)^oxinial to 
the anastomosis in every case contained a thick pasty, greyivsh inspis- 
sated material probably compovsed of various substances such UvS 
mucins, cholesterol and mineral salts. Fuither analytical work is 
being condm ted on these materials. The mucous membrane of this 
part showed no change from the normal. In none of the animals 
examined at post-mortem were there any signs of retrograde filling of 
the colon cranial to the anastomosis, whereas the rest of the colon 
distal to the anastomosis in each case contained soft ])ultaceous faecal 
masses. Although all these animals frequently showed diarrhoea, 
no signs of enteritis were to be noted at post-mortem. 



Photocraph No. 1. 


Left . — Liver and kidney of sheep 41089 showing severe atrophy after 
loss of 20 ft. small intestine and 4f ft. large intestine, 6^ months previously. 

— liiver and kidney of normal sheep of same age. 

Group HI. 

In order to ascertain what role the ileocaecal sphincter played 
111 controlling the passage of ingesta from the small intestine to the 
caecum, the lower ileum in one sheep (±G inches above the sphincter) 
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was anastomosed on to the tip of the caecum, i.e. a widely open 
passage was established between the small intestine and the large 
intestine the ends of the intestine distal to the anastomosis being 
closed. Itegular examination of the faeces showed that this animal 
never suffered even a single attack of diarrhoea while the consistency 
of the excreta remained normal over a period of 10 months. The 
weight curve has also gradually risen, the animal having more than 
doubled its weight prior to operation. In the second sheep of this 
group, the lower ileum was anastomosed on to the ansa spiralis thus 
excluding not only the ileo caecal sphincter but also the caecum 
and upper third of the colon. As will be seen from its weight curve 
(graph No. 4) a sharp decrease immediately after the operation, was 
followed by a steady and progressive increase until after a period 
of 7 months the animal had practically doubled its original weight. 
Throughout the whole period the faeces were soft, thickly pulta- 
ceous and at times appeared as partly formed pellets lumped to- 
gether, i.e. the degree of dehydration has constantly remained some- 
what below the normal. 


Discussion. 

Experiments were carried out on Merino sheep (4 tooth old), with 
the object of ascertaining fiistly, the effect of anastomosing the upper 
half of the small intestines on to the caecum and secondly, by anas- 
tomosing the same portions of small intestines on to the ansa spiralis, 
corresponding to the junction of upper and middle thirds of the large 
intestines. For this purpose two main groups were formed of eiglit 
sheep each. On the w^hole the operation was well stood, only three 
sheep being lost within the first week, one from shock, another from 
ileus through oedematous swelling and closure of the anastomosis 
and a third from acute and persistent diarrhoea. Of the remaining 
thirteen sheep, 10 died over a period of 12 months. The main diffi- 
culty encountered in the operation was in connection with the proper 
measurement of the lengths of intestines especially of the small 
intestine, due to the varying degrees of tonus and also to the festooned 
attachment of the intestine on to the mesentery. In all cases the 
object was to j)reserve approximately half the small intestine through 
the anastomosis and to exclude the other (distal) half. However, 
post-mortem examination and measurement of the intestines of the 
10 sheep revealed the fact that in the majority ^of cases considerably 
more than half of the small intestine was excluded from the func- 
tional tract, a fact w^hich definitely contributed to the high mortality. 
However, as all the carcases showed varying degrees of cachectic 
and atrophic changes in which the intestines were also involved, the 
measurement of the latter at post-mortem may to some extent have 
been influenced by these processes. Thus whereas the functioning 
portion of the intestine appeared normal, the excluded part was 
definitely atrophied, pale, and atonic, which to some extent might 
have accounted for the greater lengths obtained as comnared with 
those of the functioning portions. No suitable method has been 
devised for a more accurate measurement of intestinal length, 
although this point is being investigated in connection with a further 
series of experiments about to be undertaken. 
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All the operated animals lost weight very rapidly in spite of 
their good appetites. Hie 10 animals which died, never even seemed 
to make an attempt to adapt themselves to the shorter intestinal 
lengths and thus inhibit the progressive body wastage. Of the three 
surviving animals a preliminary period of severe wasting was followed 
by a second j)hase during which gradual adaptation took place. The 
animals not only maintained their weight during this period but 
w’ere actually able to show a steady gain under the new* conditions 
of digestion and absor])tion. Unfortunately no detailed study of the 
metabolism of these animals was possible at the time of the exj)eri- 
inent. 

Of the two groups, the animals in the first group, in which only 
the lower half of the small intestine was excluded, showed no signifi- 
cant advantage over the second group in which the proximal part 
of the large intestine was in addition also excluded from the anas- 
tomosed tract. Jn no instance was there retrograde filling of the 
lowei’ half of the small intestine from the caecum, neither did the 
caecuim and inoximae jiart of the colon become filled where the 
anastomosis was made on to the ansa spiralis. This fact indicates 
that retroperistalsis is extremely feeble or perhaps completely 
absent in the upper third of the large intestine of the sheep. The 
large amount of inspissated uon-faecal material regularly found 
ill the caecum and upper colon indicates that this is an area 
of active excretion and secretion. Complete analyses of these mate- 
rials are at iiresent being carried out. Although the caecum and 
ii])per colon must be regarded as of great importance in tbe absoip- 
tioii of water, tbe lower levels of the colon are to some extent capable 
of compensating for the loss of the caecum and upiier colon. This 
however is largely a matter of individuality as some animals suffer 
heavy loss of water through a iiersistent diarrhoea while otheis 
minimise this loss hy passing less watery faeces. The diarrhoea so 
often noticed in the animals, was however not related to any form of 
colitis as no pathological lesions were found in the large colon post- 
mortem. In two animals operated upon, the loss of the ileocaecal 
sphincter only or the ileocaecal sphincter together with the c.aecnm 
and upper colon, led to no untoward elfects whatsoever. 


Sl'MMARY. 


1. Exclusion of the lower half of the small intestines alone isee 
graphs 1 and 2), or in addition exclusion of the caecum and upper 
colon through bow^el anastomosis causes progressive atrophy, extreme 
cachexia and even death in Merino sheep (see graphs d and 4). 

2. Tfo retrograde filling takes place of any of the portions of 
intestine excluded, hence the absorptive surface is decreased by tbe 
length so excluded from anastomosis. 

3. There is considerable disturbance in the water nietabolism of 
such animals, the degree of adaptation and compensation depending 
in some measure on the individual characteristics of the animal 
itself. 
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A Freak IVferino Fleece. 


By V. BOSMAN, M.Sc., Sheep and Wool llesewch Officer, 
Onderstepoort. 


A FiiEAK fleece of a merino ewe from the flocks of the Grootfontein 
School of Agriculture^ is here desciibed. The sheep was peculiar 
ill that it had a distinctive band, about three inches wide, of coarse 
long wool growing transversely acrovss the back, stretching over the 
sides towards the belly region. (Fig, 1.) A cross-section through the 
freak region (Fig. 2), showed that the wool projected in length 
beyond the normal fleece. In addition, the freak wool was consider- 
ably coarser than the normal fleece and had large definite crimps. In 
fineness, it measured 20* 2 /a or a G4’s quality number. The normal 
wool of the animal anteriorly and posteriorly to the freak wool 
measured 17* 7/a or an 80\s quality number. The average straight 
length of the fibres in the freak region was 19*6 cms. while the 
adjacent normal wool was 15-4 cms. As regards the number of 
follicles growing per unit area of skin, the freak region produced 
1,()()0 per square cm. while the normal growth on adjacent regions 
was 4,400 per square cm. anterior to the freak region, and 4,10() per 
square cm. posterior to this. W^hen wool production, per unit area 
of skin was compared, the freak region produced *50 grams of clean 
dry wool per 4 square cm. of skin, while the adjoining regions gave 
anteriorly *79 grams and posteriorly *75 giams of clean dry wool 
per 4 sq. cm. of skin. 


* The author is much indebted to Mr. G. S. Mare, Principal Sheep and 
Angora Officer of the Union, for the material. 
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A FREAK MERINO FLEECE. 



Figure 1. — The Merino Sheep with the freak region (indicated by the arrow) 
growing as a distinctive band across the back and sides of the animal. 



Figure 2.— A cross-section through the freak region, showing distinctive 
differences between the freak wool and the normal wool. 
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Wool Studies. 


I. The Variation and Interdependence of Merino 
Fleece and Fibre Characteristics. 


By A. P. MALAN, M.Sc., Statistician, C. M. VAN WYK, M.Sc., 
and M. L. BOTHA, B.Sc(Afirric.), Wool Research Officers, 
Onderstepoort. 


I. Introduction. 

The sheep iivsed at Onderstepoort for experimenial purpovses are as 
a rule obtained from other centres, where conditions are more suited 
to breeding. Soon after their arrival here, marked changes are to 
be observed in the wool prodiioed by the animals. It is well known 
that changes in environmental conditions may produce considerable 
changes in the wool, and the individual contributions of changes in 
such factors as meteorological and nutritional conditions have been 
studied to a certain extent. 

As an example may be quoted the work done at the Grootfontein 
School of Agriculture, from where many of the sheep used at Onder- 
stepoort are obtained. It has been demonstrated at that Institution 
(Mare and Bosnian, 1934) that underfeeding produces lighter fleeces 
and finer fibres, Furthermore, the seasons have no effect on the 
wool produced, provided the feed is kept constant, (Bosman, 1935.) 

It has also been observed that when sheep, which have been 
grazed, are stall-fed, a reduction in the fibre thickness takes place. 
This latter effect may, therefore, be expected at Onderstepoort, where 
the sheep are stall-fed after having been reared under grazing con- 
ditions where they were bred. 

The degree to which the various fibre characteri8ti(‘8 * respond, 
both individually and in relation to one another, calls for a syste- 
matic investigation, as it is felt that the result of such an investiga- 
tion will be important, not only for its own sake, but also for its 
possible bearing on experimental results, obtained where similar 
conditions prevail. 
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In the present investigation no attempt has been made to assign 
or discuss possible causes of such variations in the wool produced. 
The object has been a statistical study of the data of the wool pro- 
duced by a group of merino wethers sent from Qrootfontein to Onder- 
stepoort, where they were kept under experimental conditions for 
two years. 

A point which should be borne in mind is that, in accordance 
with usual experimental procedure, the group of sheep was selected 
from the flock for uniformity of type, fleece and body weight. 

In the study attention was directed mainly towards the follow- 
ing points : — 

(1) The change of each characteristic from one year to another. 

(2) The correlation between the values of the same charac- 
teristic fpr different years. 

(3) The correlation between different characteristics for the 
sailie year. 

(4) The correlation between the changes in different charac- 

teristics for the same sheep. 

Such a study indicates to what extent the various fleece attri- 
butes are related to their previous values, and also the extent to 
which one attribute can be described in terms of another. 


II. Material. 

(a) The Sheep, 

The sheep were obtained from Grootfontein and were used at 
Onderstepoort in a study of the effect of supplements of sulphur on 
growth and wool production. Since a full report of the experiment 
has been given (du Toit, Malan, Groenewald and Botha, 1935; van 
Wyk, Botha and Bekker, 1935), a brief summary of the history of 
the animals will suffice. 

A selected group of merino wethers, born at Grootfontein be- 
tween 10/3/193() and 9/6/1930, were shorn between 31/3/1931 and 
6/4/1931, and sent to Onderstepoort, where they arrived on 
8/10/1931. They were shorn again in December, 1931, and placed 
on a basal ration for a pre-experimental period of eleven months. 
At the conclusion of this period in November, 1932, they were shorn 
again, and placed on the same -basal ration for twelve months, during 
which period certain groups were dosed with supplements of sulphur 
and sulphur compounds. Finally, they were shorn at the end of 
the experimental period in November, 1933. 

At Grootfontein the animals were grazed on typical Karroo veld, 
while the basal ration at Onderstepoort consisted of half a pound of 
crushed yellow maize and half a pound of green feed daily, with 
teff hay ad lib. Except in the case of the teff hay, individual feed- 
ing was employed. 


520 



A. F. C. JC. V. 


The data were thus obtained ioi^ool grakru undeT ||ie followini^ 
conditions : — 

19e31 : Six months grassing at Grootfontein, followed by two 
months at Onderstepoort, where the animals were 
stall-fed. 

1932: Eleven months on basal ration at Onderstepoort. 

1933 : Twelve months on basal ration with sulphur supj)le- 
ments at Onderstepoort. 


(b) Experimental Results. 

The sheep were w^eighed monthly from 23/12/31 until the con- 
clusion of the experiment, i.e. during the pre-experimental and ex- 
perimental periods. The grease weight (j*), clean w^eight (y), and 
percentage yield {z) of the fleeces obtained from the 1931, 1932 and 
1933 clips at Onderstepoort were determined, as also the mean fibre 
length (/), mean fibre thickness {t) and mean fibre weight {w) of a 
shoulder sample taken from an area marked on the skin. These 
samples were taken just before the sheep were shorn on each 
occasion. 

From a statistical analysis of the results of the experiment (du 
Toit et alia, 1935; van Wyk et alia, 1935) it w^as concluded that, in 
the case of the wethers under consideration, the sulphur supplements 
had no influence on any of the fleece characteristics studied, hence 
for the purpose of this paper no differentiation between the groups 
will be made, and the data for the final period (1933) w ill be treated 
as if all the sheep received the same ration. 

In the discussion the data for the separate years, 1931, 1932 and 
1933 will be indicated by the suffixes 1, 2 and 3 respectively to the 
symbols for the attributes. 

For the sake of direct comparison betw^een the different years, 
the fleece weights aie given as the average increase per day, w^hile for 
fibre length and fibre weight the values given have been calculated 
so as to correspond to 300 days’ growth. The fibre weights and fibre 
lengths for the 1931 samples were not available, and are, therefore, 
not included. The data for only 46 sheep were available for all 
three periods, hence this number w^as used in the analysis, except 
where otherwise stated. 

In Table 1 are given the mean values of the fleece and fibre 
characteristics studied, together with the body weights and ages of 
the animals. 

The figures for body weight and greasy fleece weight show that 
the sheep are a type which is mostly used at Onderstepoort in sheep 
experiments, the mature body weight being approximately 74 lb. 
and the fleece weight lb. for 12 months’ growth. 
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The scoured fleece weight, representing the total amount of w’ool 
keratin produced by a sheep, is of primary importance, and depends 
on the total number of fibres and on the weights of the fibres. The 
weight of a fibre again depends on its thickness and length since the 
specific gravity is constant or very nearly so (King, 1926). The 
thickness and length of fibres can only be estimated from samples, 
and the values obtained vary with the area of the skin from which 
the sample was obtained. In merino sheep experiments it is usual 
to analyse a shoulder sample since this portion of the fleece represents 
the bulk of the fleece (Duerden and Bell, 1928). 

Table I includes the fibre lengths and fibre weights calculated 
for 300 days’ growth, together with the mean fibre thickness, in 
microns, of the shoulder samples. The average fibre thickness repre- 
sents that of Ihe dry fibre and has an average value of 16-6/x. The 
mean value for scoured fleece weight represents approximately five 
pounds of clean wool growm per year. 

Table II gives the coefficients of variability (i.e. the standard 
deviation expressed as a percentage of the mean) of the various 
characteristics of the 46 sheep studied. 

Table II. 


Coefficients of Vnriahility. 


Period. 

Grease 

Weight 

(.r). 

Clean 

Weight 

iu)- 

Percentage 

Yield 

(2). 

Fibre 

Length 

(i). 

Fibre 

Thickness 

(0. 

Fibre 

Weight 

(w). 

Body 
[ Weight 
(9)' 

1931.. 

% 

9-2 

% 1 

12 1 

% 

% 

% i 
6-6 j 

% 

% 

1932.. 

11 9 

12 9 

8 8 

6 6 

6 6 

14-6 

6 3 

1933.. 

11 9 

12*2 

8 4 1 

7 3 

6-3 

13 1 

6 5 


The table shows that there is a very close agreement between the 
coefficients of variability of the same characteristic for different years. 
Since the mean values vary considerably from year to year this would 
seem to indicate that the variation in each characteristic, as measured 
by the standard deviation, is proportional to the mean, so that the 
higher values are also more variable, and vice versa. 

III. Comparison of the Different Years. 

In Table I a considerable change is shown in the values of the 
fleece characteristics from one year to another. There was a decrease 
in all the values from 1931 to 1932 and then an increase in 1933 to 
values exceeding those of 1931. These changes took place through- 
out the group and are frequently observed in merino sheep that are 
similarljr treated. Taking differences between the 1932 and 1933 
values ID order to eliminate correlational effects, the results sum- 
marised in Table III are obtained. 
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The percentage increases, therefore, varied from about 12 per 
cent, to 40 per cent, for the different characteristics, all these values 
being highly significantly different from zero. In the present paper 
the test for significance has been taken to indicate that the proba- 
bility of obtaining a certain value or a greater one, on the assump- 
tion that the population value is zero, is less than 5 per cent, whereas 
highly significant is used to denote that the above probability 
is less than one i^er cent. 

In the above case, therefore, all the differences may be consi- 
dered as real and not merely accidental. These values, however, give 
no indication of how and when the changes occurred. It was, there- 
fore, decided to obtain thickness measurements of a single staple 
taken from a sample at equal intervals of length. Although the 
results obtained in this w^ay are only approximate, they show the 
general trend of the changes during the whole period of 3 years. A 
typical curve giving the values obtained for one sheep is given (Fig. 
1). Several otliers were investigated and these showed remarkably 
close agreement with the one represented here. 



Fig. I. 


It will be noted that the fibre thickness decreased to a minimum 
in April, 1932, followed by a continuous rise until July, 1933, when 
it seemed to have reached a more or less constant value, though no 
data are available after December, 1933. In other words, during 
the pre-experimental, or 1932 period, the fibre thickness at first 
diminished and then increased, while during the greater part of the 
experimental, or 1933 period, the thickness was increasing. 

The bearing of the above changes on experimental results and 
their interpretation is of importance. Treatment effects which would 
normally have been reflected as small differences in fleece charac- 
teristics, may have remained obscure during the period when the 
fleece was undergoing wide changes, due to environmental factors. 
On the other hand, when a difference in treatment also affects the rate 
of adaptation to the new environment, the interpretation will greatly 
depend on the duration of the experimental period, and may lead to 
erroneous conclusions. 
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In the present case it took nearly two years for the fleece charac- 
teristics to attain values which appear to have reached a constant 
level under the changed environmental conditions. The rate and 
nature of the above changes need further investigation. For this 
purpose it seems advisable to send sheep from and to different centres 
under strictly controlled conditions, simultaneously eliminating 
other influencing factors, such as age, etc. 


IV. Analysis of the Fleece. 

(a) Tfie relation helween the values for different years of the 

same attribute. 

The simple correlation coefficients, 7 * 12 , and r.,, between the 
values of the fleece characteristics for the years 1931, 1932 and 1933 
are summarised below: — 


Table IV. 


Correlation 

Coefficient. 

Grease 

Weight 

(a;). 

Clean 

Weight 

j (y). 

Fibre 

Length 

(Ih 

Fibre 

Thickness 

(t). 

Fibre 

Weight 

(w'). 

Body 

Weight 

(9h 

1932 & 1933 : 

0 8235 

0 7340 

0 7682 

0 8347 

0 7436 

0 4824 

1931 & 1932 : 

0 5108 

0 7174 


0 7811 



1931 & 1933 : r,s.. 

0 5286 1 

0 5931 


0 7891 




(In some cases more animals than 46 were available and were iised in calculating the 
above coefficients.) 


WB , — Significant values are given in italics and those highly 
significant are given in black type. This system is followed through- 
out in subsequent tables. 

All the above correlation coefficients are highly significant, and 
practically of the same order, except perhaps in the case of body 
weights {g), where the correlation is somewhat lower. None of the 
values differ significantly, either amongst themselves, or between 
different years. The order of the correlation coefficients indicates 
that 50 to 60 per cent, (r* x 100) of the variation of a characteristic 
can be expressed in terms of the variation of the same characteristic 
for either of the tw o previous years. The high correlation coefficients, 
even when the change from one year to another is so exceptionally 
high, therefore demonstrate the necessity of a pre-experimental 
period in merino experiments where the fleece characteristics are 
being considered. 
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(h) Simple correlation coefficients between different 
characteristics for the same year. 

It is evident from the agreement in the differences between the 
values from one year to another, as shown in §III, that the fleece 
weights at least are to some extent associated with fibre character- 
istics. The d^ree of interdependence, as expressed by the simple 
correlation coefficient, is shown in the table given below. The corre- 
lation coefficients between different characteristics have been calcu- 
lated separately for each year. 

Table V. 


Characteristic. 

Year. 

Grease 

Fleece 

Weight 

(*)• 

Scoured 

Fleece 

Weight 

(y). 

Fibre 

Length 

(0. 

Fibre 

Thickness 

w. 

Scotired Fleece AVeight (y ) . . . . 

1931 

0 6707 





1932 

0 8016 





1933 

0 7864 




Yield Percent (z) 

1932 

^0-2623 

0 4495 




1933 


0 4196 



Fibre Length (1) 

1 

1 1932 


0-3SZS 




1933 

L 

osm 

0 4471 



Fibre Thickness (t) 

in 












■ 



-0-2214 


Fibre Weight (w) 

1932 


04321 

0-3889 

0 8833 


1933 


0 1821 

0-3333 

0-8431 


The correlation coefficients between any two characteristics for 
the different years are in fair agreement, and indicate that the asso- 
ciation between the different attributes, as measured by the simple 
correlation coefficients, is a constant feature in the wool of these 
wethers. This conclusion is on the whole strengthened by the values 
of simple correlation coefficients, calculated from the wool of 33 
ewes, used in an iodine nutrition experiment (du Toit, Malan and 
Groenewald, 1935). These ewes were selected at Grootfontein from 
the same flock as the wethers in the present study, and were obtained 
at the same time. In the case of the ewes the following values for 
the correlation coefficients were obtained ; — 
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Table VI. 



Clean 

Weight 

(»). 

Fibre 

Length 

(i). 

Fibre 

Thickness 

(t). 

i 

1, Fibre Length 

0 1302 



U Fibre Thickness 

0 4631 

0 0150 


Wp Fibre Weight 

0 4678 

1 

i 

1 

0-7066 


The only exception as regards the agreement with the values in 
the previous table, Table VI, is that the correlation between scoured 
fleece weight {y) and the fibre characteristics, length (Z) and thick- 
ness (t), is just the other way round. However, the real values of 
and r^i are perhaps the same in both cases and intermediate 
between those obtained for the two groups of sheep. The discrepancy 
between the correlation coefiicients given could also have been caused 
by the method of sele(;tion. Corresponding correlation coefficients 
calculated from 26 wethers (Bosman*) agree well with those given 
in Table VI. 

V. Variation in the Attributes for 1932 and 1933. 

It was shown in paragraph III that a considerable and highly 
significant change in the mean value of all the fleece characteristics 
studied took place from one year to the other. The order and nature 
of these changes have been discussed. It is also important to know 
to what extent the differences in individual values between consecu- 
tive years of associated attributes are correlated. The simple corre- 
lation coefficients are given below: — 


Table VII. 




h-h- 

h-tf 


Oz-Ov 



0-6034 


1 


0 3S90 

!/8~V2 


0 6435 

0 3337 

i 

O ' son 

O'ssoe 

h-h 




0 sm 

0 0064 

<.-<• 




0 6511 

-0*1784 


Report in the course of preparation. 
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As may be expected a high correlation exists between the 
differences in grease weight (^) and clean weight {y). Two other high 
values are those between the differences in scoured fleece weight ( 3 /) 
and fibre length (Z) and also fibre thickness (t) and fibre weight {w). 
Nearly all the other correlation coefficients are significant and prac- 
tically the same with an approximate value of 0 ^3. The association 
between body weight differences and those of the fibre attributes is 
negligible. It follows, therefore, that in general a sheep thai changes 
oonsidei'ably in one attribute also changes likewise in another 
attribute. 

The variability in fibre length and fibre thickness for each 
shoulder sample measured was calculated foi 51 different sheep. The 
simple correlation coefficient between corresponding coefficients of 
variability for the same sheep was found to be () ()226, which is a 
highly significant value. The simple correlation coefficient betw^een 
the coefficients of variability of fibre length (shoulder sampb*) for the 
two years 1932 and 1933 was also (‘alculated, and the value obtained 
for 45 sheep was 0*6402. This value is of the same order as the 
previous one and shows that sheep which are more vaiiable in one 
characteristic are also more variable in anotlier and remain so from 
one year to the other. 


VI. Conclusions. 

From the ])receding analysis, one is able to draw^ certain con- 
clusions regarding the association of merino fleece and fibre charac- 
teristics. 

It is evident that environmental conditions can pioduce consi- 
derable changes in the merino fleece. In the case under discussion, 
the fleeces at first became lighter and the fibres of a shoulder sample 
finer and shorter, after which the changes weie reversed, and the 
initial values of the fleece aifd fibre characteristics exceeded. An 
increase from the second to the third period amounting to about 30 
per cent, for the fleece and fibre weights was observed, and about 
half this value, approximately 15 per cent., for fibre lengih and 
fibre thickness, the difference between the mean values for the two 
periods, being highly significant. 

Fibre thickness ^diminished rapidly after the sheep arrived at 
Onderstepoort, a minimum value being attained after about six 
months. A gradual increase then occurred to a probably constant 
value after a further period of fifteen months. 

When, therefore, sheep are transferred from one centre to 
another, the change in environment may influence the fleece consi- 
derably, and a distinction should be made betw^een this influence and 
that of any treatment to which the sheep are then subjected, and it 
must be recognised that the results obtained will depend on the nature 
of the possible interaction of the two influences. Otherwise it will 
be necessary to keep the sheep under the changed conditions, until 
the fleeces have attained what may be considered as normal charac- 
teristics, before commencing the experiment which is designed to 
ascertain the influence of ^me treatment or other on the wool. 
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As shown in Table V there exists a high correlation between the 
total fleece weight and the scoured fleece weight, the latter repre- 
senting about 50 per cent, of the total fleece weight, whereas about 
60 per cent, of the variation in the total fleece weiglit is due to the 
variation in the scout ed fleece weight. 

As regards the fibies of the shoulder sample, it is seen that the 
variation in Ihe weight of a fibre depends mainly on the variation 
in its thickness, the variation in length having a relatively small 
influence on the variation in fibre weight. The coiielation coefficients 
are constant from year to year, notw’ithsianding consideiable changes 
in the actual values of the characteristics. 

]t is also demonstrated that the fibre attributes of a shoulder 
sample is a poor indication or no indication of the total amount of 
wool produced by a merino slieep. 

The high correlation betw^een the values of any of the fleece and 
fibre characteristics obtained for the diflerent years is of importance. 
Approximately GO per cent, of the variation in the values of one year 
can be expressed in terms of that for the previous year. This fact 
illustrates the importance of a pre-experimental period, which en- 
ables this ])roportion to be eliminated from the total variance, where- 
by a considerably greater a(*c\iracy is. attained and vsmaller 
ditlerences between mean values may be detected. In other words, 
a difference betw’een treatment grotips which w’ould be obscured b}^ 
the total variance, may become evident after an adjustment for the 
pre-experimental values has been made. For the same accuracy the 
number of sheep in any group of an experiment, withoui a pre- 
experimental period, must be a]>proximately five times greater than 
when j)re-experiniental values are available. 

The diff'eremes betw^een the 1982 and 1938 values for all the 
fleece attributes were correlated, A difference in scoured fleece w^eight 
was (dosely reflected by a coiresponding difference in the fibre length 
of the shoulder sample, whereas a difference in fibre weight w’as 
accompanied by a corresponding difference in fibre thickness. It is, 
therefore, possible to vstudy a change in vscoured fleece weight by 
means of the corresponding change in the fibre length of a shoulder 
sample. 

Taking the group as a whole, the distribution of values, as ex- 
pressed by the coefficient of variability, remained constant from year 
to year. In other words, the “ spread changed in proportion to 
the mean value. 

A high correlation exists betw^een the coefficients of variability of 
the fibre length of the shoulder samples taken from the same sheep 
in successive years. The variability, or spread, in fibre length is, 
therefore, a constant characteristic of individual sheep. For any one 
year, the correlation between the coefficients of variability of fibre 
thickness and fibre length is of the saine high order, showing that 
a sample which is more variable as regards fibre length is also more 
variable as regards fibre thickness. 
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VII. Summary. 

1. A statistical analysis is given of the fleece and certain fibre 
attributes of a shoulder sample of a group of wethers sent from Groot- 
fontein to Onderstepoort for experimental purposes. The data com- 
prise values obtained for three successive years. 

2. It is shown that a considerable decrease occurred in the mean 
values from the first to the second year, and then again an increase 
to mean values exceeding those existing in the first year. The nature 
of the change in fibre thickness is given in more detail. 

3. The values obtained for each characteristic in the different 
years are highly correlated, from which fact is deduced the impor- 
tance of a pre-experimental period. 

4. The correlation coefficients between the fleece weight and the 
fibre attributes are, though significant, not very high, and the 
shoulder sample is, therefore, a poor indication of the total amount of 
wool produced. 

5. The ratios of the standard deviations to the corresponding 
mean values of the group were constant for the three years. 

6. Within a shoulder sample a high correlation exists beWeen 
the coefficients of variability of fibre length for two years, and also 
between the coefficients of variability of fibre length and fibre thick- 
ness for the same year, 

7. The interrelationships of the changes in the various attributes 
are given. 

8. The bearing of the above results on experiments, in which 
wool is being inbevstigated, is discussed. 
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Studies in Native Animal Husbandry. 

(13) A Note on the Three Parent Stocks of 
African Cattle. 


By H. H. C’UllSON, Dk.Med.Vet., F.R.C.V.S., Veterinary 
Research Officer, Onderstepoort. 


In a previous paper by Curson and Epstein (1934) illustrations were 
shown of the three parent stocks, that of the Hamitic Longhorn 
(which IS apparently extinct) being taken from Kronacher’s Allge- 
metne Tierzucht, 1 Abt., fig, 73. Kronacher gives Adanietz as the 
source of this picture, which represents two Apis bulls from an 
amdent Egyptian text. As photos were not shown of the Bachyceros 
and Longhoriied Zebu cattle as drawn by the Egyptians, illustrations 
will now be given and the opportunity taken to show the Hamitic 
Longhorn type, cows being represented as well as the bull. 

Hamitic Ijonghokn Stock. 

Eig. 1 shows seven cows accompanied by a bull, both the con- 
formation and colour patterns being very similar to that encountered 
to-day among Sanga cattle (which contain Hamitic Longhorn and 
Longhorned Zebu blood) in many parts of Africa, The picture is 
reproduc'ed from Yahuda’s The Accuracy of the Bible, and in refer- 
ring to Pharaoh’s dream, the author states: “ As to the famous 
dream of the seven fat and seven lean kine (Gen. 41 : 1-7), it was 
several years ago pointed out by Edouard Naville and others that 
such a story was only conceivable in Egypt, where the Goddess 
Jlathor was worshipped in the form of a cow. As there were seven 
districts each having its Hathor cow, hence the seven kine. In the 
tomb of Nefretiry, the beautiful wife of Rameses II, the seven cows 
are to be seen accompanied by the bull-god as if they were marching 
in a solemn procession ” (p, 8). 

BllACHYCEKOS StOCK. 

Another representation of ancient cattle is shown in Fig. 2, 
where the Brachyceros iype is depicted. Vahuda (1934) gives the 
source as ‘‘ on the wonderful mural relief of the temple of Hatschep- 
sut in Dair-al-Bahri (p. 8) and the legend under his picture is 
Seven cows grazing in the ‘ Garden of Au>on ’ in the meadow under 
frankincense-trees Actually there appear to be nine head of cattle, 
the one in the foreground being a bull ! 
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Longhorned Zebu Stock. 

Stegman von Pritzwald (1924) gives a figure (fig. 15, p. 56) wliicli 
undoubtedly shows the Longhorned Zebu in Egypt during the New 
Kingdom (1580-945 b.c.*). Epstein (1933) reproduces the picture in 
question, and as his figure lends itself better for photography, it is 
shown •here as Eig. 3. Stegman von Pritzwald gives the source of his 
picture as W. M. Muller, but the original is not indicated. 

Neffgen (1904), in his description of the Veterinary Papyrus of 
Kahun, refers to three ancient types of cattle in Egypt, viz.: — 
“ Longhornrasse (clearly Hamitic Longhorn), “ Kurzhornrasse ’’ 
tBrachyceros), and “ Hornlosen Tiere The same classification has 
been adopted by Carlier (1912) in his description of cattle in 
UElevage an but a classification based on the skull charac- 

teristics as a whole, rather than on the horns alone seems preferable. 

Whereas there are also certain marked differences in the general 
body conformation of the Egyptian cattle (ai any rate between the 
Longhorn and Shorthorn), the Kivu cattle (see Carlier, figs. 520, 
p. 778, and 527, p. 786) are apparently uniform except for the horn. 
This is what can be expecled after the intermingling of ceniuries. 
A notable difference is that while the Egyptian cattle are humpless, 
those of the Belgian Congo have cervico-thoiacic humps of apparently 
muscular tissue. The dewdap is also strongly developed in the cattle 
of Kivu. The influence of the Longhorned Zebu in this connection 
is significant. 

An interesting feature of the Egyptian paintings is that cattle 
of the same type are selected, not crosses w^hich must have been 
available. 

Thanks are due to Miss I). Armstrong for drawing my attention 
to Yahuda^s publication and to Mr. T. Meyer for the excellent 
photographs. • 


REFERENCES. 

CARLIER, Fr. (1912). L’Elevage au Kivu. Jhtll. Agruole du Congo Jielge, 
Voi. 3, Nos. 3 and 4 (Sept, and Dec.). 

CURSON, H. H., AND EPSTEIN, H. (1934). A Comparison of Hamitic Long- 
horn, West African Shorthorn and Afrikander Cattle, particularly with 
regard to the Skull. Onderstepoort Jl, Vet, Sc, Anim, Indust'nf, Vol. 3, 
No. 2, Oct., 1934. 

EPSTEIN, H. (1933). Descent and Origin of Afrikander Cattle. Jl, Heredity, 
Dec., 1933. 

STEGMAN VON PRITZWALD. F. P. (1924). Die Hass eng esrhichte der 
schaftstiere, Gustav Fischer, Jena. 

YAHUDA, A. S. (1934). The Accuracy of the Bible, William Heinemann, 
London. 


* Yahuda, p. xvii. 

t And is also used by Edm. Leplae in descrihine the native cattle of the 
Belgian Congo (Organisation et Exploitation des Elevages du Congo Beige, 
2nd Edt., 1933). 


632 




H. H. CXJHSON. 




hltTDIE& IN NAIIVE ANIMAL HI SBANDRT, 13 . 



Fig 3. 


534 




Onderst&poort Journal of Veterinary Science and Animal 
Industry, Volume 5 , Number 2 , October, 1935 . 


Factors Affecting the Growth of Range Cattle 
in Semi-Arid Regions.* 

By 

D. J. SCHUTTE, B.S.A., M.Sc., Ph.D., Senior Animal Husbandry 
Officer, Department of Agriculture and Forestry. 

TABLE OF CONTENTS. 

PAGE 

Introduction 635 

Objects of Investigation 537 

Review of Literature 537 

Plan of Experiment 540 

Experimental Data and Methods 542 

Analysis of Results 644 

Live Weights 546 

Growth in Body Weight 646 

Breed Differences 660 

Seasonal Influences on Live W’eight 564 

Body Measurements 556 

Growth in Body Measurements 666 

Seasonal Influences on Body Measurements 567 

Breed Differences 562 

Sex differences 676 

General Discussion 677 

Summary 581 

Acknowledgment 682 

Literature Cited 682 

Apx)endix 6S5 

INTRODUCTION. 

The investigation reported in this paper deals with the comparative 
growth under range conditions of first generation offspring obtained 
by crossing cows of nondescript breeding with purebred bulls of five 
different beef breeds. The experiment was conducted at the Messina 
Ranching Station located in a semi-arid region of the Union of South 
Africa. Extensive areas in this region, which lies betw^een 22® and 
26® south latitude, are devoted almost exclusively to cattle raising. 

* A thesis submitted to the Graduate Faculty of Iowa State College in 
partial fulfilment of the requirements for the degree of Doctor of Philosophy. 
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The cattle common to this part of the country originally consisted of 
several fairly distinct types of indigenous cattle, but in recent years 
blood of the European breeds as well as that of the Afrikander has 
been introduced into most of the herds, and interbreeding between 
different native types has occurred freely with the result that the 
cattle jK)pulation at present consists of a heterogeneous mixture, 
showing some evidence of the presence of a small, but varying per- 
centage of improved blood. 

These cattle are relatively small and slow maturing as compared 
with the improved beef breeds. They lack beef conformation, being 
relatively long-legged, flat-ribbed and drooping in the rump. How^- 
ever the typical native cattle are extremely hardy and capable of 
subsisting on scant pastures. Moreover, they possess a high degree 
of tolerance to tick infestation and a resistance to tick-borne diseases. 

No definite information is available on the origin of the indi- 
genous types of African cattle, but it is generally accepted that they 
originated from a mixture of the Longhorn cattle (Bos yrimigenius) 
and the Zebu types {Bos indicus). The distinguishing characteristics 
of these species are still observed in various types of the present-day 
native cattle in the form of horn gigantism and hump respectively. 
Several distinct types of indigenous cattle have been described 
in detail by Groenewald and Curson (1933), Bisschop and Curson 
(1933), and others. 

Attempts to improve the type and productiveness of these 
animals by means of grading up with purebred bulls of both dairy 
and beef breeds have not been conspicuously successful. Although 
the first generation obtained from such matings usually showed 
improvement in type and conformation ovei* their dams, loss of con- 
stitutional vigour, failure to develop properly and increased mortality 
invariably have followed one or two further topcrosses with purebred 
bulls. • 

Since the reasons for the deterioration in size and constitution 
must be sought largely in the severe climatic conditions of this 
locality, the following brief description of the topography and vege- 
tation is given of the experinient station where the investigation was 
carried out. The conditions at this station are fairly typical of the 
country. A granite formation dominates the entire area and the 
topsoil is shallow and exceedingly poor. The country is rough and 
hilly in most parts. The rainfall is low, — the mean annual precipi- 
tation for the years 1928-1932 was 14*20 inches — and there is prac- 
tically no opportunity for growing supplementary forage crops. The 
greater part of the area lies at an elevation of 1,500 to 3,000 feet 
above sea level. The summers are extremely hot, shade temperatures 
of 100^ F. to 110^ F. being freq^uently recorded. Killing frosts 
rarely occur but the nights are chilly throughout the winter months. 

The main characteristics of the pasture land are the scrub growth 
which forms a monotonous covering (see Appendix, figure 25) and 
the annual grasses. The dominant scrub types over most of the area 
are the Mapane (Capaifera m^pane) and the specdes belonging to the 
family Celmtrasseae but in the more fertile sections several species 
of Acacia are prominent. The remainder of the vegetative covering 
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is composed of annual grasses intermixed with a small and varying 
percentage of perennial grass. On the poorest soil types and in 
overgrazed sections annual weeds are fairly prominent but ou the 
hilly situations the perennial grasses are more abundant. It is 
therefore evident that a large proportion of the pasture has to estab- 
lish itself annually. 

Jinneapog(m iiwllia is the most commonly occurring grass. Other 
prominent annuals are Aristida adsceniosis, Tragun racemosus^ and 
Schmidt/ia hylhosa. As regal ds perennial grasses the following are 
the most important economically: Digitaria erumtlia, Panniciim 
vuiJLdtmini, Emgrostis atherstonii and Pcnnisetutn. cenchroides. 

The comparatively small perennial grass growth is largely due 
to the low annual rainfall and unfavourable soil conditions. Although 
the soil is composed largely of decomposed granite there is apparently 
no serious mineral deficiency as determined by chemical analysis of 
samplers of soil and of the vegetation. 


OBJECTS OF THE INVESTIGATION. 

At the time the investigatioia was started the main objects in 
view' were to determine the degree to which native cattle could be 
successfully graded up under practical range’ conditions by the con- 
tinued use, in successive generations, of jmrebred bulls. For this 
purpose it was pioposed to make a comparative study of the five 
major beef breeds found in the country by breeding these to unim- 
proved COW’S and on their ])rogeny for vseveral generations. 

A secondary object was to determine the most suitable practice 
of herd and pasture management. Ilowevei*, this phase of the inves- 
tigation suffered a severe setback after the work had been in progress 
for tw'o years owing to an outbreak of foot-and-mouth disease in the 
adjoining territories with consequent necessary quarantine restric- 
tions. 

The present study is concerned with the growth of the first gene- 
ration animals obtained from this scheme of breeding. 


REVIEW OF LITERATURE. 

The various aspects of the subject of grow'th are comprehensively 
reviewed in recent publications by Robertson (1923), Robbins and 
co-authors (1928), Brody and Associates (1926), (1927), and Ham- 
mond (1932). Growth in dairy cattle has been extensively studied 
but comparatively few systematic investigations on the growth of 
range beef cattle have been reported. 

Moulton and associates (1921) investigated the growdh of beef 
steers on different planes of nutrition from birth to 1,440 days of age. 
Their results indicate that animals fed to the limit of fheir appetites 
show a remarkably uniform increase in w'eight up to the age of 1,200 
days. Animals fed on a plane of nutrition to furnish maximum 
growth without fattening show a similar curve except that the rate 
of gain is slower. Animals fed scantily to the extent wdiere growth 
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was actually retarded show a more irregular curve with a perceptibly 
slower average rate of growth. However, it was found that the 
scantily fed animals reached the same wither height as the full fed 
ones at the age of four years. The authors concluded that a greater 
underweight than underheight resulted from the feeding of poor 
rations. They also note that growth is more rapid at the earlier ages, 

Hogan and Fox (1923) present growth curves for beef steers 
fed in such a manner as to secure as rapid growth as practicable 
under ordinary conditions. These curves show a uniformly straight 
line up to the age of two years when the downward trend, indicating 
a decreasing growth rate, commences. 

Clawson (1926) in a study of the weight of range cattle on pas- 
ture found that the younger animals made larger percentage gains 
than the older ones and that the rate of gain was most rapid in the 
early part of the season and gradually slowed down in the autumn. 
These observations were made during a period of four years from 
June to September. 

In his studies on type in beef calves Hultz (1927) found very 
marked changes in body proportions or “ type ’’ during a six 
months feeding period. He also states that the most important 
measurements for the determination of type are depth of chest, 
paunch girth and height at withers. 

In a comprehensive review of the growth studies on dairy cattle 
at the Missouri Agricultural Experiment Station, Brody (1927) states 
‘‘ weight and girth are apparently affected to nearly the same relative 
extent by conditions of undernutrition . , . one reason is that the 
measurement of circumference of chest includes not only the skeletal 
growth but also the flesh around the chest . . . The height at 
withers measurement does not measure fleshiness He concludes 
that the measurements which approach their mature values at rela- 
tively rapid rates are but* slightly influenced in their growth by 
environmental conditions as compared with the influence of the same 
conditions on those which approach their mature values at a rela- 
tively slow rate as compared with weight. 

Lush (1928) has shown that certain measurements, noticeably 
those of width, are greatly affected by degree of finish or fatness 
apart from growth. Eckles and Swett (1919) found no relation be- 
tween size at birth and rate of growth or size at maturity. They also 
state that gestation has no effect on growth whereas lactation and 
nutrition have pronounced effects on body weight. These factors also 
influence the rate of growth in wither height to some extent but have 
no effect on the height attained at maturity. They observed that 
the rate of growth in skeleton is the same for such widely different 
breeds as Holsteins and Jerseys up to 24 months of age. Espe, 
Cannon and Hansen (1932) also observed a pronounced effect of lac- 
tation on growth in weight in dairy cattle. 

Brody and Ragsdale (192p found evidence of two post-natal 
cycles in the growth of Holstein and Jersey heifers, the maximum 
growth velocity in the first cycle occurring at four and a half to five 
months and the second, an ill-defined maximum at 20 months. 
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Hammond (1920) collected data from the records of the Smith- 
held Club of stock exhibited at Fat Stock shows and studied the 
relative growth of various breeds and crosses of cattle. He analyzed 
the weights for animals at different ages but these cannot be consi- 
dered as normal growth since exhibition stock are usually fed and 
managed exceptionally well. How^ever, he observed definite breed 
and sex differences for the breeds studied. 

In his studies on the growth of the lowland cattle of Eastern 
Prussia, Hansen (1925) found that the younger the animals were the 
greater was the rate of growth in all directions. The measurements 
of width increased most rapidly, followed by measurements of length 
and finally measurements of height. He found that growth of 
various measurements ceased between the ages of three and four years. 
He also observes that the plane of nutrition of the animals during 
the early stages of development is very imi)ortant. 

Ashton (1930) in presenting growth measurements of various 
European breeds of cattle makes the following interesting observa- 
tion : “ It would seem that in general the various European breeds 
of cattle vary in volume or size according to the quality or nature 
of the soil where they are born and reared. . . . The Brittany, trulj^ 
a dwarfed breed in every respect, owes its extremely small size to the 
natural lack of both calcium and phosphorus in the geological for- 
mation of those parts of Brittany where the breed was evolved.’^ 

The importance of minerals, especially phosphorus, in the normal 
growth of range cattle on i^hosphorus-deficient pastures, was inves- 
tigated by du Toit and Bisschop (1929) in an extensive vseries of 
experiments. Cows of the nondescript unimproved type were bred to 
four different breeds of bulls. The herds were kept under natural 
range conditions except that certain groups were fed small amounts 
of boneineal daily. Begular weights were taken but only two sets 
of Ivody measurements were taken at two different ages on a number 
of half-bred heifers of different breeding in each group. The follow- 
ing conclusions were drawn in regard to the growth of these animals: 

The influence of bonemeal on the rate of growth of calves is 
remarkable. At birth there is no difference between ‘ bonemeal ’ 
calves and ‘ control ’ calves; at six months there is a difference of 
48 lb. (or 14*5 per cent.) in favour of the former group; and at two 
and a half years the difference is 243 lb. (or 32*2 per cent.).’' 

In regard to the effect of bonemeal feeding on skeleton growth 
the authois state: There is a marked difference in favour of cows 

receiving bonemeal in respect to length of body, width of chest, 
heart girth and width between hook bones. The skeletal development 
of bonemeal-fed calves is also superior in every way to the control 
calves.” 

It was also observed that the increase in weight of the young 
stock showed a definite seasonal trend depending upon the condition 
of the past\ires, consequent upon the rainfall. Growth usually re- 
ceived a check during late winter to early summer, i.e. from July 
to December. 
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In regard to breed differences it was found that the Sussex half- 
breds were heavier at six months than all other breeds (Afrikander, 
Eed Poll, Friesland) and that they retained this lead throughout 
the period of the experiment. The Red Poll half-breeds weighed 
considerably less than the other groups at six months but soon over- 
took the Afrikander and Friesland. The latter groups showed 
approximatelj’^ the same rate of increase. 

The most extensive investigation on the growth of range cattle 
under conditions of yearlong grazing is that conducted by Lush and 
co-workers (1930). This investigation covered a period of nine years 
during which an extensive series of body measurements in addition 
to live weights were taken. The following breeds and crosses were 
included in the study : Herefords, first cross high grade Brahman- 
Hereford, and backcrosses of the latter to the Hereford. The con- 
clusions drawn from this study may be summarized as follows: — 

The most rapid rates of increase in w’eight occun*ed from mid- 
April to mid-July, after which they gradually decreased until mid- 
January to early March when actual losses were recorded. The 
growth curves show^ a definitely seasonal trend and variations from 
the typical rates of grow^th are directly conned ed with rainfall and 
pasture conditions. 

Measurements greatly influenced by degree of fatness were 
affected to a greater extent by seasonal changes than measurements 
of the head and of the long bones . 

Breed and sex differences were relatively unimportant but 
quarter-blood Brahmans were slightly heavier than half-bred Brah- 
mans or high grade Herefords. Steers were slightly heavier than 
heifers at all ages up to 30 months. 

In regard to the effect of adverse conditions on ultimate size the 
authors conclude as follows f The evidence indicates rather clearly 
that the skeletal growth is really slowed down in parts of the body 
by the wdnter period of scanty feed. Whether mature size is per- 
manently stunted at all by winter periods of feed shortage or is only 
postponed to a later age than would be the case wdth cattle well fed 
the year round is not clear. These data and the data from the ex- 
periments at other stations lead us to believe that very little if any 
of such permanent' stunting occurs.’’ 


PLAN OF EXPERIMENT. 

In 1928 two hundred cows of the unimproved type were purchased 
from farmers in the surrounding country and these were transferred 
to the experiment station near Messina, Northern Transvaal. Selec- 
tion of the cows was confined to such factors as freedom from disease 
or visible defects; a fairly good frame and reasonable thriftiness but 
no special attention was paid to the breeding of the animals. Some 
showed evidence of an infusion of Afrikander blood while others 
showed the presence of either Friesland, Shorthorn or Hereford blood 
in earlier generations. The average type of these cows is illustrated 
in Appendix figures 26 and 27. 
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Two bulls of each of the following breeds were acquired: Here- 
ford, vShorthorn, Sussex, Aberdeen-Angus, and Afrikander, as repre- 
senting the five major beef breeds used extensively in South Africa. 
The Afrikander is a breed developed from indigenous strains of 
cattle and has been fully described by Bosman (1924), Reinecke 
(1927) and du Toit and Bisschop (1929). The information on the 
origin of the breed is fragmentary. However, all available infor- 
mation tendvS to show that it was developed from the large framed 
cattle of ilu* Hottentots, a tribe of African native which inhabited 
the coastal regions of the Cape at the time of the advent of the white 
man in the early eighteenth century. The Hottentot cattle were 
considered a distinct type differing widely from that of the cattle 
owned by the Bantu tribes. Epstein (1933) has recently endeavoured 
to show the similarity in many respects of the present day Afrikander 
to the early Hottentot cattle and he concludes that there can be little 
doubt that this lueed traces back ultimately to the lios ituliovs of 
Asia. It is reasonably certain that the European breeds of cattle 
lilayed very little or no part in the formative period of the Afrikander 
since it had already become established as a breed at the time of the 
first importation of Eurpean cattle towards the end of the eighteenth 
century. On the other hand, evidence of a Zebu (Bos iodlevs) origin 
is displayed in the characteristic hump and sloping rump. Although 
the Afrikander Cattle Breeders’ Society was only established in 1912 
and the registration of animals only dates from that time, the breed 
had been bred pure for many generations at the time of the outbreak 
of the Anglo-Boer War in 1899 and many notable herds w’ere in 
existence at that time. As the result of the war most of these herds 
became scattered and valuable breeding records became lost so that 
the pedigrees of the present-day Afrikanders generally cannot be 
traced further back than the beginning of the present century. As 
a breed the Afrikander may be described as medium of size and in- 
(‘liiied to be narrow^ and shallow' of body. It is somewhat leggy, 
judged from the standpoint of a beef animal, but it shows very fine, 
clean bone. It is relatively slow' in development and both sexual 
maturity and maximum body growth are attained at a later age than 
is commonly found in the British breeds of beef cattle. The colour 
is red, ranging from light to deep cherry red and the coat is short 
and sleek. The breed is noted for its hardiness, rustling ability and 
resistance to ticks and tick-borne diseases. 

The selection of the bulls w'as carried out in co-operation with 
the respective breed Societies in order to ensure that the animals 
would be representative of the average type of ranching bull. They 
were medium priced bulls and cannot be considered representative 
of the best of their respective breeds. The type of these bidls may 
be observed in the illustrations in Appendix figures 28 to 32. They 
were immunized against Redwater (Pirojdasmosis) and gall sickness 
(Anaplasmosis) before being introduced into the area. 

The cows were branded and divided at random into five groups 
of equal numbers and each group was bred to bulls of one of the 
breeds mentioned above. It was planned to breed each group of cows 
to all five breeds of bulls in rotation in successive years. 
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Management . — In view of the dense bush and the absence of 
adequate fencing it was extremely difficult to keep the herds apart 
during the breeding season and to prevent animals from straying. 
Conseqriently all herds were rather closely herded by day and 
kraaled* at night. 

During the breeding season the groups were kept separate and 
the bulls were allowed to run with their respective herds every day 
from late afternoon until the following morning, for a period of 
approximately 10 weeks. The breeding season was restricted with 
the object in mind of limiting the calving season to the months of 
April, May and June. At the conclusion of the service period the 
groups were combined into two large herds which were allowed to 
graze on the various sections of the station in rotation. 

All calves were ear-tagged at birth and branded some time after 
weaning. The males were castrated (bloodlessly) by means of the 
Burdizzo Pincers before they were three months old. Weaning 
occurred at an average age of eight months. After weaning the 
calves were run in one herd until they were 18 months old when the 
steers and heifers were separated. 

No supplementary feeding was practised at any time during the 
year except in the case of the bulls. These received small supple- 
ments of cottonseed meal, crushed maize and at odd intervals a small 
allowance of hay during the service period. Salt and bonemeal 
were fed at irregular intervals. Generally the animals showed no 
craving for salt, due to the high sodium chloride content of the 
drinking water which was obtained from boreholes. 

In view of the fact that this part of the country w^as heavily 
infested with ticks and due to the prevalence of Anaplasmosis, Piro- 
plasmosis and Heartwater all cattle were dipped regularly at weekly 
intervals during the summer ^months and bi-weekly during the winter 
months. 


EXPERIMENTAL DATA AND METHODS. 

Commencing in January 19e31, all calves were weighed regularly 
at bi-monthly intervals from birth. The calves born in 1929 and 
1930 were weighed’ at birth and again at weaning time. Thereafter 
they were also weighed at bi-monthly intervals. The foundation 
cows were weighed only once a year when their calves were weaned. 
At the first weighing in January 1930, they were weighed on three 
consecutive days and the average of the three weights recorded. For 
all other animals only single weights w^ere recorded. 

In January 1931, a system of taking body measurements was 
adopted. All half-bred steers were measured at bi-monthly intervals 
up to May, 1933. Measuring of the females was discontinued approx- 
imately three months prior to freshening. The method employed in 
taking measurements was as follows : A group of animals was placed 
in a pen and the individual to be measured was driven into a crush 
pen where it was secured with cross beans. A concrete platform 


Confined in a small enclosure or coral. 
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had been constructed on the floor of the pen to ensure that the animal 
would stand at the same level with all four feet. An attempt was 
made to stand the animal in a natural position but this was extremely 
diflicult in some instances, especially in the case of the young stock 
as some animals were extremely wild. Linear measurements were 
taken with a ‘‘ Deriaz ’’ measuring stick graduated in inches, and 
circumference measurements were taken with a tape measure simi- 
larly graduated. 

These operations were usually carried out at the middle of the 
month but as numbers grew the process occupied several days. The 
following body measurements were taken: — 

Height at withers — the vertical distance from the ground to 
the highest point over the withers. 

Height over hips — the vertical distance from the gix)und to 
the highest point midway between the hooks. 

Depth of chest — the smallest vertical distance behind the 
shoulders. 

Depth of flank — the vertical distance between the highest point 
in the rear flank and the top of the body just in front of 
the hook bones. 

Widtli of chest — the greatest width of the chest immediatley 
behind the shoulders. 

Width at thurls — the horizontal distance between the hip 
points. 

Width ai hooks? — the horizontal distance between the lateral 
points of the hooks. 

Width of loin — the horizontal distance between two corres- 
])onding points midway bet%veen the anterior xioint of the 
jielvis and the last rib. 

Length of pelvis — the distance between the anterior point of 
the hooks and the pin bones on tlie posterior. 

Length of body — the distance from the shoulder point to the 
pin bone taken parallel with the axis of the body. 

Heart girth — the smallest circumference of the body imme- 
diately behind the shoulders. 

Paunch girth — the greatest circumference of the body perpen- 
dicular to the navel or sheath. 

Flank girth — the smallcvst circumference of the body at the 
rear flank, immediately in front of the hooks. 

Width betw’^een pin bones. 

The last mentioned measurement proved to be very inaccipate 
owing to the diflSculty in locating the pin bones exactly, especially 
in the w^ell-fleshed or fat animals. Consequently these figures have 
been discarded and this body measurement is not being used in this 
study. For the same reason other measurements taken from the 
pin bones to some other point, e.g. length of pelvis and length of 
body are subject to greater error than the rest of the measurements. 
In addition the measurement of length of body is also affected by the 
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standing position of the animal. The same also applies to height 
at withers. All other linear measurements are not subject to these 
sources of error to any marked extent and are therefore reasonably 
accurate. Measurements of circumference are affected by the taut- 
ness with which the tape is drawn around the body and since it is 
difficult to judge this accurately these measurements are also subject 
to an appreciable enor in this respect. In addition, these measure- 
ments, especially paunch girth, are greatly affected by the ‘‘ fill 
of the animals. 

All body measurements of the individual animals were taken at 
the same time and recorded in a form provided with columns under 
the respective headings. Subsequently the observations for each 
body measurement were arranged according to year of birth, breed 
and sex. 

The relevant data for three groups of animals, born in 1929, 
1930 and 1931 respectively, are used in the present study. It should 
be noted that all the animals are half-breds of the different breeds 
of bulls used but occassionally they will be referred to simply as 
Herefords Shorthorns “ Aberdeen-Angus etc., in the 

following pages for the sake of brevity. 


ANALYSIS OF RESULTS. 


In the following section the results are analysed from the stand- 
points of general growth and breed and sex differences. In the 
analysis of the latter the method of analysis of varianc'e introduced 
by Fisher (1933) has been used. This method is particularly well 
adapted to a study of this nature in view^ of the relatively small 
number of observations involved and the disproportionate frequencies 
in the sets. The computations were made on a Monroe Calculating 
machine after the method of Wallace and Snedecor (1931). The test 
of significance is effected by a direct comparison of the mean squares 
through the use of Snedecor’s (1934) table for values of F for the 
corresponding degrees of freedom. These values bear a close rela- 
tion to those of Z in Fisher’s Table VI (1933). This relationship 
may be expressed as follows : — 


Variance I 
Variance fl 


F *(Snedecor’s notation). 


Loge Variance I — log^ Variance II.. . . = log^ F. 

Logp Varian^p I — log^, Variance II == 2 Z (Fisher’s notation). 

Log.F = 2Z. 

F = e*Z. 


The standard errors of the mean differences have been derived 
directly from the standard deviation of the observations from their 
respective breed means as follows : — 


Standard Error = S.D. 



in w^hich S.D. is the standard deviation within groups and nj, i 
are the numbers of animals respectively in the groups compared. 
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Live Weights. 

The average weights of all half-breds born in 1929, 1930 and 
1931 rewspertively are shown in Appendix Tables XXlll to XXV. 
The weights are compared according to year of birth, breed and sex. 
For purposes of comparison the average weights of the dams of the 
1929 group are also included. 

The average birth weights of all animals classified according to 
sex are shown in the following table. 


Table I. 


Average Birth Weights in Pounds of all Half-breds, 


Sex. 

No. I 

Sex 1 

Breed. 

Ratio. 1 

j 

1 

Here- 
ford. I 

Short- 

horn. 

Sussex. 

Afri- 

kander. 

Ab.- 

Angus. 

Average, 

i 

Males 

Females 

176 

157 

O' 

/o 

52 87 
47 12 

68-2 

63-2 

67 8 

60 7 

1 

70 9 

66 3 

63 2 

57 '9 

57 ‘7 
66*7 

65 0 
■60 8 

Average . . . 

— 

1 

65 8 1 

63 3 

68-7 

60 0 

57 2 

631 


These figures do not differ materially from those reported by 
du Toit and Bisschop (1929) for range cattle of similar breeding but 
they are appreciably lower than those reported by Lush and co- 
workers (1930) for Hereford and Hereford-Brahman crossbred range 
Cattle. 

The difference between the sexes is highly significant as shown 
in Table II. The value of F = 15*06 may be compared with that 
corresponding with Fisher’s *01 probability which is 6*72 for the 
corresponding degrees of freedom. Likew’ise the differences between 
breeds are highly significant for both sexes. The corresponding 
values of F designated as highly significant are 3*43 and 3*45 for 
males and females respectively. In the lower half of the table the 
breeds are arranged in devseending order in respect of birth weight 
and mean differences w’ith their rCwspective standard errors given be- 
tween the different breeds. It will be observed that the ranking of 
the breeds is the same for both sexes. In the case of the males both 
Sussex and Herefords proved significantly heavier than the Afri- 
kanders and the Aberdeen- Angus, while the Shorthorns and the 
Afrikanders are significantly heavier than the Aberdeen-Aiigus. In 
the case of the females the Sussex are significantly heavier than all 
breeds except the Herefords. The latter are significantly heavier 
than both Afrikanders and Aberdeen-Angus. 
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Table II. 

Analysis of Variance of Birth Weights, 


Classification. 

Source 

of 

Variation. 

Degrees 
of free- 
dom. 

Sums 

of 

Squares. 

Mean 

Squares. 

Standard 

Devia- 

tion. 

1 F.* 

Sex 

Total 

332 

33,856-32 





Between sexes. . 

1 

1,452-00 

1,462 -00 

— 

i — 

Breed: 

Within sexes . . . 

331 

31,904-32 

96-39 

9-8 

16 06 

(a) Males... 

Total 

175 

25,140-77 

— 

— 

— 

Between breeds 

4 

9,885-02 

2,471-25 

— 

— 


Within breeds . . 

171 

15,265-75 

89-21 

9-4 

27-71 

(6) Females. 

Total 

156 

12,445-69 



— 

Between breeds 

4 

1,676-70 

419-18 

— 

— 


Within breeds . . 

152 

10,768-99 

70-85 

8-4 

5-91 


Mean Differences. 




Hereford. 

Shorthorn. 

Afrikander. 

Ab. -Angus. 

Males 

Sussex 

Hereford 

Shorthorn 

Afrikander 

2 69dh2-3 

3-14i2-5 

0-46Jb2-6 

7-76±2-2 

5 07±2 2 
4-62±2-4 

13 20±2-1 
10 61±2-2 
10 06±2-4 
3-44±2-1 

Females 

Sussex 

Hereford 

Shorthorn 

Afrikander 

3 12i;2 3 

• 

5 - 63 ± 2-5 

2 61±2-5 

8 33i2 2 
5 ' 21 ± 2'2 
2-70±2-4 

9 64d:2-1 

6 52zi:2 2 
4-01i:2-4 
1-31±21 


♦ Note, — Significant differences (P = *05) are given in italics and those highly signifi* 
cant (P = *01) are given in black type. This system is followed throughout in subsequent 
tables. 

Growth in Body Weight , — Live weights are used most commonly 
to depict growth in animals. There are several methods of con- 
structing growth curves from such data. The usual method is to 
plot the actual weights against age or time. This gives the absolute 
growth curve as shown in Appendix figures 9 to 11 in which the 
weights of the different breeds for each sex have been plotted against 
age. These charts show the general trend of the weights of each 
breed of the different groups for both sexes separately and indicate 
the seasonal fluctuations in the weights. However they do not con- 
vey a correct picture of the relative rate of growth. Several other 
methods may be used. Minot (1908) originally suggested the ^‘Simple 
Interest method which may be represented by the formula 

R s-a — * — where B is the relative rate of growth and Wi and Wj 

represent successive weights. Brody (1927) suggested two different 
equations for relative growth rate at different ages : First, for growth 
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preceding the inflection at puberty, represented by the formula 


K = 


d W/dt 
W 


and second, for the phase of growth following the in- 

d W/dt 


flection the following formula is proposed K= where W is 

weight at the given instant, (A-W) growth yet to be made, and h, 
proportionality constant or relative rate of growth. 


However, the formula pioposed by Fisher (1921) appears to be 
the best adapted to the study of relative growth rates and this method 
has accordingly been used in the present study. In Fisher’s formula 

loge^ are successive weights and 

R is 


R = 


h h 


^ 2-^1 represents the length of the interval between weighings, 
the relative growth rate. 


Figure 1 shows the relative (instantaneous) growth rates ex- 
pressed in percentage from weaning of steers and heifers of all 
breeds in the 1929 group. 


It will be observed that there is little change in the relative rate 
of growth between the sexes until the age of 34 months. From this 
age uj) to the age of 42 months the steers show* an appreciably greater 
relative increase (or smaller loss) in weight than the heifers. The 
former age coincides wilh the time that ihe heifers first came into 
lactation. Upon weaning of their calves the former were 42 months 
of age and the relative rate of increase again rises to that of the 
steers. At the age of 40 months there is a further decrease in the 
growth rate of the heifers. At this age they came into lactation 
again. This situation is also clearly brought out in Figure 2 in 
wdiich the average bi-monthly w^eights are plotted in semi-log paper. 
These curves show the relative grow’th of the sexes throughout the 
period and bring out the divergence in the lines after the age of 32 
months is reached. 


It is of course well known that steers are normally heavier than 
heifers at maturity but this sharp divergence must be ascribed partly 
to the effect of lactation on the females. Eckles and Sw^ett (1919) 
and also Kspe, Cannon and Hansen (1932) found that w^hile gestation 
had no effe(*t on growth rate, lactation exercised a pronounced in- 
fluence. When the females are divided into two groups on the basis 
of wdiether or not they had been in lactation the following results 
are obtained : — 


Table III. 


Effect of Lactation on Body Weight, 


Group. 1 


Weight. 


Number. 

July, 

January, 



1931. 

1933. 

Lactating 

26 

709 

790 

Non-laotating 

21 

705 

903 

Dxffbbenoe 

— 

4 

—113 
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Fig. 1. — Percentage growth rates. Live weights of 1929 steers and hdlers. 
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Fig 2— Relative growth Live weights of 1929 steers and heifois 


When the difference in the last column is tested for significance 
by the method ot analysis of variance a \dlue F=21 64 is obtained, 
which IS hij^hly significant. The difference in the heights at withers 
of the above gioiips in Januaiy 1933, was similaily tested Although 
the non-lactating group showed the highei average height the dif- 
ference IS only on the borderline ot significance (F -2 61) Lacta- 
tion evidently retarded growth in height to some extent especially 
in view of the fact that <he animals i?vere still immature 


7 
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FACTORS AFFECTING GROWTH OF RANGE CAIILE IN SEMI-ARID REGIONS. 
Breed Differences^ 

Appendix Tables XXIII to XXV show the average weights 
for the different breeds grouped aoooiding to year of birth. 
Appendix figures 9 and 10 show the aveiage trend of the 
changes in weight, from weaning up to the ages of 51 months and 
39 months respectively, for the 1929 and 1930 groups, while the 
average trend of the weights of the 1931 group from bnth up to 27 
months of age is indicated in Appendix figure 11. It will be observed 
that all breeds follow more or less the same couise and it would 
appear that environmental factors, such as climatic conditions and 
feed supply, have the same general effect on all breeds. This point 
will be fuither discussed in a later section. 



Fig 3. — Relative growth of the 1929 group. Live weight. 
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Figure 3 shows the relative growth of the steers of the different 
breeds of the 1929 group, and Figure 4 the relative rate of increase 
in weight on a percentage basis. With the exception of the Aberdeen- 
Angus, which show a higher relative rate of increase at the age of 



Fig. 4. — ^Percentage growth rates of the 1929 group. Live weight, 
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36 months, the breeds maintain their relative positions throughout 
the period and generally speaking there is practically no difference 
between any of these breeds in this respect. However, the differences 
in absolute weights between breeds in all three groups are not in- 
considerable. 

The differences are analysed separately for the sexes in Tables 
IV-VI. 


Table IV. 


Analysis of Variance of Final Weights. 1929 Half^hreds. 



Source 

of 

Variation. 

Dejrrees i 
of Free- 
dom. 

Sums 

of 

Squares. 

Mean 

Squares. 

Standard 

Devia- 

tion. 

F. 

Steers 

Total 

49 

499,966 6 





Between breeds 

4 

180,774-6 

45,193-6 

— 

— 


Within breeds . . 

45 

319,192 0 

7,093 2 

84-2 

6 37 

Heifers 

Total 

44 

403,850-5 








Between breeds 

4 

93,416 0 

23,354 0 

— 

— 


Within breeds . . 

40 

310,434 5 

7,760-86 

88-1 

3 01 


Mean Differences. 



Afrikander. 

Shorthorn. 

Sussex. 

Steers 

Hereford 

Afrikander 

Shorthorn 

Sussex 

1 

115±35-8 

m±42-7 

]0±42-7 i 

153±37 8 

38±37-8 

28±44-3 



Shorthorn. 

Hereford. 

Ab.-Angus. 

Heifers 

Sussex 

Shorthorn j 

Hereford 

Ab.-Angus 

84±46-4 

132±44 0 

48±37-7 

132±480 

48 0±42-5 
0-0 


Ab.-Angus. 


158±34 4 

43i34 4 
33i:40 6 
6 ±34 4 

Afrikander. 

137±46 4 

53±39-4 

5±37-7 

5±42-5 


The value of P = 6‘37 in the case of the steers is highly signifi- 
cant. The corresponding value for the one pfjr cent, probability being 
F = 3‘77 for 45 degrees of freedom. In the tests of significance of 
mean differences in the lower half of the table the breeds have been 
arranged in descending order of their mean weights.^ 

The Herefords prove to be significantly heavier than all other 
breeds while no heterogeneity is demonstrated among the other breeds. 
The conclusion is reached that the high value obtained for F is due 
entirely to the extraordinary high average weights attained by the 
Hereford half-breds, namely 1,312 pounds at 48 months of age as 
compared with 1,197, 1,187, 1,159 and 1,154 for the Afrikander, 
Shorthorn, Sussex and Aberdeen- Angus half-breds respectively. 


* This system is followed in all subsequent tests of significance of mean 
differences between breeds. . . 
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In the case of the females heterogeneity between breeds is like- 
wise demonstrated, the value F — 3 01 being above the 5 per cent, 
point. However in this c ase the Sussex are significantly heavier than 
all breeds wdiile tlie differences between the rest of th(‘ breeds are 
not significant. A possible exjdanation for the high average weight 
of the Sussex as compared with the Herefords may be sought in the 
fact that only 50 per cent, of the former freshened during the pre- 
vious year as against 83 per cent, in the case of Ihe latler. Similarly, 
the low average weight of the Afrikander half-breds may be accounted 
by the high (*alving percentage of 83 per cent, as compared with 50 
per cent, for each of the remaining breeds. 


Table Y. 


Analysiji af V^iriancr of Final Weights. 1930 Half-hreds, 



Souree 

Dejrrecs i 

Sums 1 

Mean 

Squares. 

Standard 



of 

of Free- 

of 

I >evia- 

F. 


Variation. 

doin. 

S(|uares. 

tion. 


Steers 

Total 

53 

45!.7f>l 





Between breeds 

4 

65,232 9 

16.308 2 

— 

— 


Within breeds . . 

49 

386.528 1 

7,888 3 

87 7 

2 06 

Heifers 

Total 

52 

286,968 

— 

— 


Between breeds 

4 

56,828 

14,207 

— 

— 


Within breeds . . 

1 ' 

48 

230.140 

1 

1 4.794 6 

! 

69 2 

2-96 


Mean Differencks. 


Steers 

Not significant. 

Sussex. 

Afrikander. 

1 Ab. -Angus. 

Shorthorn. 

Heifers 

Hereford 

Sussex 

Afrikander 

Ab.- Angus 

1 0 vL32 9 

43-h26 4 
42>31 4 

! 

69 ±29 -6 
6S±33-^ 
26i:27 9 

SS±3I-6 
S7±35-8 
45i-29 0 
19^32-8 


In the 1930 steeis the differences between the breeds are not 
significant. However, the Sussex and the Hereford half-breds are 
again ap})re('iably heaviei than the otlier breeds. It will be observed 
that the value of F--2 u0 borders on signifi(‘ance, the value corres- 
ponding to the 5 per cent, point being F^2*5G. 

In the 1930 females the difference is significant. In this case 
the Herefords and the Sussex are signific‘antly heavier than the 
Aberdeen-Angus and the Shorthorn while the differences between the 
latter are not significant. 

The animals of the 1931 group were only 20 months of age on 
the average when the final weights were taken. The difference be- 
tween breeds is highly significant for both sexes, the values for F 
being above the one per cent, probability. In the case of the 
steers the Herefords and the Sussex are again significantly heavier 
than the remaining three breeds. The mean differences between all 
other breeds are not significant. 
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In the case of the females all breeds are significantly heavier 
than the Afrikanders while the differences between the rest of the 
breeds are not significant. 

Table VI. 


Analysis of Variance of Final Weights, 1931 Half-hreds. 



Source 

of 

Variation. 

Degrees 
of Free- 
dom. 

Sums 

of 

Squares. 

Mean 

Squares. 

Standard 

Devia- 

tion. 

F. 

Steers 

Total 

63 

278,400 

_ 






Between breeds 

4 

73,935 27 

18,483-82 

— 

— 


Within breeds . . 

59 

204,464 73 

3,465-60 

58-8 

5 32 

Heifers 

Total 

62 

187,666 








Between breeds 

4 

I 63,976 

15,994 

— 

! — 


Within breeds . . 

48 

123,590 

2,574-8 

50 7 

6 21 


Mean Differences. 



Sussex. 

Afrikander. 

Shorthorn. 

Ab.-Angus. 

Steers 

Hereford 

Sussex 

Afrikander 

Shorthorn 

10±22-8 

e2±22-5 

52±213 

75±25 4 

05^24-2 

13±25-1 

824:22 5 
72±21 3 

20i22-6 
74:25 1 



Shorthorn. 

rtereford. 

Ab.-Angus. 

Afrikander 

Heifers 

Sussex 

Shorthorn 

Hereford f 

Ab.-Angus 

9±26-2 

1 

10-i:21 -0 
1±24 7 

354:23-3 
264*26 7 
25±2l-7 

884:21 0 
794:24 7 
78±19 2 

53±21-7 


It is concluded from the analysis of variance of the weights 
taken at different ages on the three groups of cattle that the breeds 
may be classified into two major weight groups namely, Hereford 
and Sussex in* one group and Shorthorn, Afrikander and Aberdeen- 
Angiis in the second group. While the differences in average weight 
between breeds within each of these groups are not significant, the 
breeds in the first group are significantly heavier than those in Ihe 
second group. 

Seasonal Inflnence on Live Weight, 

No evidence of the peculiar cyclic nature of growth in weight as 
described by Brody and Ragsdale (1921) is shown by ihe growth 
curves of any of the three groups. This is possibly due to the extreme 
effects produced by the seasons of the year which would tend to mask 
the expression of such cycles especially in the older animals. The 
absolute growth figures indicate the same general trend and seasonal 
fluctuations for all groups. Referring again to Figure 4 which shows 
the relative percentage growth rate of all animals in each of the 
five breeds for the 1929 group from weaning up to 4 years of age, it 
will be observed that the highest percentage increase occurred at the 
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age of 12 months, the next peak is between 20 and 22 months, the 
third at 32 months and the fourth at 44 months. These ages (coin- 
cided with the following months of the year respectively : May 1930, 
Januar\"-March 1931, January 1932, January 1933. The ages at 
which relative growth was the least (actual losses being recorded in 
most instances) are as follows : 18 months, 2(5 months, 34 months, 
and 42 mcjnths. These ages coincided with the following months 
respectively: November 1930, July 1931, March 1932, November 
1933. 


The fluctuations in relative growth rate between periods of 
greatest a?id smallest gains respectively is very considerable and 
clearly demonstraies the influence of season on the weights of cattle 
at any age froii] weaning up to maturity. The fluctuations in the 
giowth of the 1930 and the 1931 grou])s exactly coincide in a vertical 
plane with those described above. Thus in the 1930 gioup the ])eaks 
occur in January-March 1931 (age 8-10 months), January 1932 
(age 20 months), January 1933 (age 32 months). Likewise in the 
1931 group the ])eaks <}ccur in January 1932 (age 8 months), and 
Jaiuiaiy 1933 (age 20 month.sj. 

It is therefore apparent that growth in live weight is strictly 
seasonal under the conditions obtaining in the localily where these 
cattle were raised. Most ra})id growth o(‘curs during the late summer 
and early autumn months while growth is retarded to a great extent 
during late winter and early spring, llainfall rather than season 
/>rr .VC is the cause of these fluctuations. The rainfall is limited and 
strictly seasonal. The heaviest precipitation usually occurs from 
November to Fehiuary. The monthly rainfall for the fiv('-year 
])eriod during which this exj)eriment nas in pj ogress is given in 
Table YTI. 

Table YTI. 

HonthJif Haiti fall in Inches. 



li)28. 

1929. 

1930. 1 

1931. 

1032. 

1 

1933. 

j 

January 

1 64 

3 07 

3 72 

0*16 

2*56 

10*88 

February 

2 08 

5 88 

0 30 

' 0*60 

4 21 

— 

March 

0 43 

0-89 

1*60 

1 43 

5*77 

0 90 

April 

— 

— 

1*80 

1 35 

1 47 

— 

May 

— 

0 10 

0*40 

— 

0 06 

— 

June 

— 

0 05 

— 

— 

— 

— 

July 

— 

— 

— 

1 10 

— 

— 

August 

016 

0 02 

— 

— 

— 

— 

September 

— 

1 

0 08 

— 

— 

— 

October 

0 11 

0*65 

— 

1*66 

0*71 

— 

Noveml>er 

1-77 

4 68 

2*69 

2 94 

1*30 

— 

December 

2 43 

1 94 

4*22 

1 *45 

3*11 

— 

Total 

8 62 

17*68 

14 81 

i 

10*69 

19*19 

11 *78* 


* 6 mouths total. 


The rainfall for the 4-inonth period November to February in- 
clusive was 12 '15; 9 64; 7-67; 11 16; 15 24 inches, as compared 
with 0-80; 1 '71 ; 5-88; 6-54; 8-31 inches for the remaiuingf 8-mo.ith 
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period for the years 1928 to 1933 respectively. These figures show 
liiore dearly tiie reason for the relatively large percentage increases 
each year. It will be observed that there was practically no precipi- 
tation during the period extending from May to October hence the 
retardation in growth of body weight up to November. 

That this is the general situation in the semi-arid regions of 
South Africa in the summer rainfall area is fully borne out by the 
results obtained by du Toit and Bis8(‘hop (1929) in which they in- 
vaiiably observed an actual loss in weight in young growing cattle 
during the period July to November as compared with Uniformly 
substantial increases during the period De(‘ember to May. 

Similar results have also been obtained by Lush and co-workers 
(1930) for range cattle in Texas. They record actual losses in weight 
from mid-Januaiy to mid-March (corresponding with the season July 
to November in the present study) and tlie greatest increase in 
weight from mid-April to mid-July (corresponding with the season 
December to March). 

These results are in strong contrast io those obtained with cattle 
kept on a uniform level of nutrition throughout the year as reported 
by Moulton and associates (1921) and Hogan and Fox (1923) for 
beef steers and by Jlrody and Ragsdale (1923), (1925) for dairy cattle. 
Under these conditions the animals show^ a uniform, although slightly 
decreasing rate of growili throughout the year from birth up to the 
age of three years or over. 

Returning to Appendix Table XXV, attention is <lrawn to the 
similarity bet\veen the final weights of the 1929 half-bred hcufers and 
those of their dains. The average weights of the Shorthorn, Sussex 
and Afrikander half-breds are slightly higher than the averages of 
their respective dams, while those of the Hereford and Aberdeen- 
Angus half-breds are vslightly lower than those of their dams. These 
differences are small, however, and it must be concluded that the 
half-bred females show no significant improvement in body w^eight 
over their dams. The steers, on the other hand, are uniformly heavier 
than their dams but it is difficult to determine accurately whether 
or not this is due to normal sex differences as no data are available 
on the weights of steers of the unimproved type. The question arises 
as to whether the use of pure-bred beef bulls on the native cows has 
resulted in any marked improvement in weight of the offspring over 
that of their native dams. Any possible effect of lactation on the 
weights of the half-bred offspring must be ruled out since the weights 
of the dams represent the average of w^eights taken in January in 
three successive years just at the time when their calves w^ere weaned. 
Several possible explanations suggest themselves but discussion of 
these must be deferred until the body measurements have been 
examined. 


Body Measitrements. 

Growth in Body Measurements* 

As pointed out in a previous section the measurements were dis- 
continued in the case of the heifers shortly after they had been 
bred so that completed figures are available only for the steers. 
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Furiliermore, these uieiisureinenis were only initiated in the begin- 
ning of 1931 consequently no data are available for the 1929 group 
up to the age of 20 niontlis, nor for the 1930 group prior to the age 
of 8 months. However, the animals of the 1931 group weie measured 
at bi-monthly intervals from birth up to the age of 24 months so 
that there is suOicient overlapping of the measurements at different 
ages in the different age groups to enable o]ie to estimate Avith a fair 
degree of accuracy the nature of the continuous lelative growth in 
body shajie. 

The relative growth of different parts of the body is presented 
graphically in Figures 5 and G. Figure 5 shows the average linear 
measurements of all 1931 steers from 2 months up to 24 months of 
age. Figure G shows the same measurements for all 1929 steers from 
the age of 24 months up to 48 months. All body measurements were 
j)lotted on the same logarithmic scale consequently tliese curves ahso 
show the relationship of the different body parts to each othei. 

All measurements sliow fairly rapid growth in the pre-weaning 
stage. At the age of 8 months there is a slight downward deflection 
ol the curves, lliis deflection becomes more marked at the age of 
12 montlis. From this point the curves straighten out indicating a 
continuous but decueasing rate of growt)» uj) to ihe age of 24 months. 
Figure G shows the relative growth in the older animals. The various 
body measur(*ments occupy the same relative position in the diagram 
as in the case of the younger group. Practically the same relative 
growth is shown throughout the period uj) to the age of 48 months 
when the measurements ceased. 

Svaaotial Infiveiice on Body Mcaunreinents. 

Although some measurements, notably those of width (between 
hooks, between thurls; chest and loin width) show some irregularity, 
in no case are such excessive fluctuations observed as in the case of 
body weiglit (see Figure 3). The curves representing body length, 
hip height and wither lieight respectively, are particularly smooth. 
In Figures 7 and 8, which represent the percentage growth rates ol 
the 1931 and 1929 groups respectively, the measujements have been 
divided into those which show the gieatest and those showing the 
least seasonal fluctuations respectively. The former comprise the 
following measurements in descending order of the degree of fluc- 
tuation ; width of chest, width of loin, width at thurls, width at 
hooks, and length of pelvis. The second group includes depth of 
flank, width of chest, length of body, height over hips and height at 
withers. The former group of measurements occupy the lower half 
of the respective diagrams and the latter occupies the ui^per half. 

Figure 7 shows at a glance the course of the percentage growth 
rates in the young animals. The growth rate for all measurements 
in the upper half of the diagram diminishes rapidly until the age 
of 14 to 16 months. It remains fairly constant during the succeeding 
four months excefit in the case of flank depth whicli shows rather 
wide fluctuations, and thereafter again shows an upward trend. The 
same general trend is observed for the measurements in the lower 
half of the diagram. In the latter, however, the fluctuations are 
much greater and such meavSurenientvS as width of chest and width of 
loin acttially show’ substantial negative grow’th rates at the age of 
14 months. 
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Fig, 5 


I '.A* «"«*«#*» ' "I 

— ^Relative growth in various body dimensions. 1031 steers. 
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Fig. 6. — Relative growth in various body dimensions. 1929 steers. 
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-Percentage growth rates of various body dimensions. 1931 steers. 
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Figure 8 shows the corresponding measurements for the older 
group of steers. The measurements in the upper half of the diagram 
show a relatively constant, although slightly diminishing, rate of 
growth. Those in the lower half show wide fluctuations from month 
to month and tend to diminish at a greater rate with increasing age. 
Substantial negative values are again observed in the c*ase of the 
latter. 
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The ages at which the rate of growth in body measurements was 
highest correspond exactly with those observed for the greatest in- 
crease in weight as shown in Figure 4. Similarly, the points of 
smallest or negative growth rate coincide with those at which losses 
in weight occur. These fluctuations must therefore be attributed 
largely to seasonal influences. As pointed out by Lush (1928) certain 
body raeasureinenis are greatly affected by the degree of fleshing or 
fatness in the animals. 

It can be reasonably assumed that the seasonal fluctuations in 
the rate of growth in respect to both weight and body measurements 
are due primarily to the alternating periods of abundance and 
scarcity in the feed supply. The production of forage in this region 
is largely dependent upon frequent precipitation in view of the tem- 
porary nature of the grasses which consist predominantly of annual 
species. Under conditions of a uniformly oj)timum feed supply sucli 
fluctuations in growth do not occur as pointed out by Moulton and 
co-workers (1921), Hogariy and Fox (1923) and Lush and co-workers 
(1930). Even if no permanent stunting in ultimate size of the 
animals occurs, interference wu*th the normal development of the 
animals results and such inteiference xindoubtedly influences the age 
of malurity. It is generally held that the native cattle in the semi- 
arid region of South Africa are late maturing. Our own observations 
confirm this view and it is suggested that this plienomenon is in- 
directly the result of inadequate nutrition and tliat the presence of 
natural selection in favour of a type of animal that can subsist on a 
low plane of nutrition is stronger than man’s artificial selection for 
beef conformation. 


Breed Differences. 

The measurements of the steers are presented graphi(‘ally in 
Appendix Figures 12 to 24. The three groups of curves in each 
diagram have been so arranged that a perpendicular line intersecting 
the horizontal axes of all three at any point represents the same date 
(month and year) so as to give a comparative picture of seasonal 
influences on the various body measurements of different breeds at 
different ages. It will be observed that the course of the absolute 
measurements is very similar for all breeds indicating that the breeds 
are affected by conditions of environment such as feed supply, more 
or less to the same extent. In the younger age groups the relative 
differences in certain body measurements between the breeds appears 
at a comparatively late stage in the development of the animals. 
The differences between breeds in the different age groups of wsteers 
are analyzed in the following section. 

Beferring to Table VIIT it is seen that no heterogeneity is 
demonstrated in either the 1931 or the 1930 group. In fact the 
variance within breeds is greater than that betw^een breeds in either 
group. This may be due to age differences in the animals within the 
groups although it should be pointed out that the calving season 
was controlled within certain limits and the extreme range in ages 
between individual animals is generally less than two months. How- 
ever the values of F~l-55 and F^l*22 are insignificant. On the 
other hand, in the 1929 group the difference between breeds is highly 
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Bigriificant ; F--=r> ()4 as compared with a value of 3*77 for a prob- 
ability of one per cent, against the difference being due to experi- 
mental error. The breeds rank in the following descending order : 
Afrikander, Shorthorn, Hereford, Aberdeen-Angus and Susvsex. 

Table VIII. 


Analjfsis of Variance of Ileif/ht at WitherM. Final Mea.mreme^its, 

Ilalf-hred Steers. 


Group. 

Source 

of 

Variation. 

Degrees 
of Free- 
dom. 

Sums 

of 

Squares. 

Mean 

Squares. 

Standard 

Devia- 

tion. 

F. 

1931 

Total 

63 

143 5273 





Between breedfi 

4 

7 9556 

1 98 

— 

— 


Within breeds . . 

.^)9 

135 .5717 

2 29 ! 

1 51 

1-55 

1930 

Total 

53 

99 8330 

— 

— 

— 


Between breeds 

4 

6 2819 

1-57 

— 

— 


Within breeds . . 

49 

93 5511 

1-91 

1 38 

1-22 

1929 

Total 

49 

167 2621 

— 

— 

— 


Betw(‘en bret'ds 

4 

51 7701 

12 94 

— 

— 


Within breeds . . 

45 

115 '4920 

2 -.57 

1-59 

5 04 


Mean InFFEKKNCES. 


1931 

Not significant. 


i 



1930 

Not significant. 

Short horn. 

Hereford. 

Ab. -Angus. 

Susse.v. 

1929 

Afrikander 

0 54 JrO 81 

0 61 -bO 68 

2 3610 66 

2 83 10 72 


Shorthorn 

— 

0 071-0 81 

V82±0-77 

2-29±0‘84 


Hereford 

— 

— 

1 •7510*66 

2 2210 72 


Ab. -Angus 

i 

— 

— 

— 

0 47 ^-0 69 


The first three breeds are significantly higher over the withers 
than the Aberdeen-Angus and Sussex. The differences betw^een all 
other breeds are not significant. 

Table IX shows the analysis of variance of height over hips. 
The breed differences prove to be highly significant in each age 
group, the corresponding values for F for the one per cent, point 
being 3*65, 3*72 and 3*77 as compared with 4*39, 3 38 and 5*47 for 
the three groups respectively. 

Inspection of the mean differences between individual breeds 
indicates that the Afrikanders are significantly higher over the hips 
than the Aberdeen-Angus in all age groups. In the 1931 group the 
Afrikanders are also significantly higher than the Shorthorns; in 
the 1930 group they are significantly higher than the Herefords, 
and in the 1929 groups significantly higher than the Sussex. In 
the 1931 group both Sussex and Herefords are signifiacntly higher 
than the Aberdeen-Angus and in the 1929 group the Herefords and 
the Shorthorns are significantly higher than the Aberdeen-Angus. 
In each case the Afrikanders show the greatest height over hips and 
the Aberdeen-Angus the least height except in the 1930 group where 
the Herefords show a slightly lower figure than the Aberdeen-Angus. 
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The other breeds occupy intermediate positions and show no con- 
sistency in their ranking with respect to each olher from one a^e 
group to the next. 

Table IX. 

Analysis of Variance of Heiyht over Final Meamrement. 


Half -bred Steers, 


Group. 

Source 

of 

Variation. 

Degrees 
of Free- 
dom. 

Sums 

of 

Squares. 

Mean 

Squares. 

j 

Standard 

Devia- 

tion. 

F. 

1931 

Total 

63 

186 4131 


_ 



Between breeds 

I 4 

42 8U85 

10-70 


4 39 


Within breeds . . 

59 

143 6046 

2 43 

1-56 



1930 

Total 

53 

125 1801 

— 

— 

— 


Between breeds 

4 

28-9496 

7 24 

— 

3 68 


Within breeds . . 

49 

96 2365 

1 96 

1 40 



1929 

Total 

49 

163-7089 








Between breeds 

4 

53 5725 

12 39 

— 

6 47 


Within breeds . . 

45 

110-1364 

2-45 

1-56 



Mean Differences. 




Sussex. 

Hereford. 

Shorthorn. 

Ab.-Angus. 

1931 

Afrikander 

Susses 

Hereford 

Shorthorn 

0-43i0-56 

~ 1 

0-68J:0-60 

0-25±0-60 

1-40 tO-07 

0 97^0 64 
0-721:0 67 

2 221.0 59 

1 79+0 56 

0-82±0-67 



Shorthorn. 

t 

Sussex. 

Ab.-Angus, 

Hereford. 

1930 

Afrikander 

Shorthorn 

Sussex 

Ab.-Angus 

0-59i0-60 

0-80±0-58 

0-21±0-64 

l^m±0 54 
0-571:0 61 

0 361:0 57 

l-25-h0^6:i 

0-66+0-68 

0-45+0-66 

0-09+0-63 



Hereford. 

Shorthorn. 

Sussex. 

Ab.-Angus. 

1929 

Afrikander 

Hereford 

Shorthorn 

Sussex 

0-82i:0-67 

l-00i:0-79 

0-181:0-79* 

2 081:0 70 

1 261:0-70 
1-081:0-82 

2 75+0 64 

1 93+0 64 

l-75±0>76 

0-67+0-68 


It should be noted that the relative positions of the breeds in 
respect to height over hips are very similar to those for height at 
withers. 

Inspection of Table X shows that the differences in body length 
between breeds is significant only in the 1929 group, although the 
values of P in the other groups approach significance. Eeferring to 
the mean differences between individual breeds in the lower part of 
the table it is quite apparent that the high value obtained for P in 
the 1929 group is due entirely to the exceptionally great length of 
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body of the Herefords as compared with the other breeds, the former 
being significantly longer than all other breeds. The differences 
between all other breeds are not siatistioally significant. 

Table X. 

AnalysU of Variance of Body Length, 


Final Mc^t sure meats of Steers, 


Group. 

Source 

of 

Variation. 

Degrees 
of Free- 
dom. 

Sums 

of 

Squares. 

Mean 

Squares. 

Standard 

Devia- 

tion. 

F. 

1931 1 

Total 

63 

234 0009 





Betwe(‘n breeds 

4 

26 2691 

6 56 

— , 

1*86 


Within breeds . . 

59 

207 7309 

3 52 

1-88 



1930 

I^otal 

53 

225 2697 

— 

— 

— 


Between breeds 

! 4 

30 9083 

7 72 

— 

1-95 


Within breeds . . 

49 

194 3614 

3-96 

1-99 

— 

1920 

Total 

49 

283 -9293 

— 

— 

— 


Bet ween breeds 

4 

60 0425 

15 01 

— 

3 03 


M'ithin breeds . . 

45 

223 8868 

4 97 

2 23 

— 


Mean Dikfbiiencbs. 


1931 

N\)t significant. 



1 


1930 

Not significant. 

■ 

Ab.-Angus. ' 

1 Shorthorn. 

Afrikander. 

Sussex. 

1929 

1 Hereford 

2lH±00t 

! 2-76-1 1-U 

3 18±0 9S 

3 21i:1 00 


1 Ab.-Angus ..... 

1 

O-27i0 OS 

0 69±0 91 ! 

0 72-i:0’97 


Shorthorn 

1 

! — 

0 42±l 13 1 

0 45d:M7 

i 

Afrikander 

1 

1 


1 

1 

i 

0 03 ±1 00 


Table XI. 

Analysis of Variance of Depth of Chest, 
Final Measurement of Steers, 


Group. 

Source 

of 

Variation. 

Degrees 
of Free- 
dom. 

Sums 

of 

Squares. 

Mean 

Squares. 

Standard 

Devia- 

tion. 

F. 

1931 

Total 

63 

37 -9975 


{ 



Between bret^ds 

4 

5 4957 

1-37 

— ■ 

2-49 


Within bi*eeds . . 

59 

32 5018 

0-55 

0-74 



1930 

Total 

53 

44-2276 

— 

— 



Betwetui breeds 

4 

8-9663 

2 24 

— 

3 11 


Within breeds . . 

49 

35-2615 

0-72 

0-84 



1929 

Total 

49 

44-9962 

— 

— 



Between breeds 

4 

8 7931 

2-19 

— 

2-73 


Within breeds . . 

45 

36-2031 

0-80 

0*89 

— 
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Table XI (eont.). 

Meak Diffebbnces. 




Hereford. 

Ab.-Angus. 

Shorthorn. 

Afrikander. 

1931 

Sussex 

Hereford 

Ab.- Angus. . . 
Shorthorn 

0 12^:0 -29 

0 -42^-0 -27 
0-30±0-28 

0 53^^0*30 
0-41i0*32 
011±0'32 

0‘7T±0‘27 

0-65±0-28 

0 -35^0 -28 
0-24i0*32 

i 


Hereford. 

Ab.-Angus. 

Shorthorn. 

Afrikander. 

1930 

1 

Sussex 

Hereford 

Ab. -Angus 

Shorthorn 

0 -44^:0 -40 

0-74jz0-35 

0 30±0 38 

1 11 ±0 39 

0-67i^0-41 

0 37i0*37 

1 144:0 35 

0-704:0 -37 
0-40 ±0-33 

0 034:0 -36 


1 

Afrikander. 

Shorthorn. 

Ab.-Angus. 

Sussex. 

1929 

1 

Hereford 

Afrikander 

Shorthorn 

Ab. -Angus 

0*55i0-38 

i 

1 

0*80i0 45 

0 2.5+.0-45 



0-H4±0^36 

0 2«Hr0'37 
0()4i:0-43 

1 304^0 40 

0 75J_0-40 

0 -50410 -47 
0-46 LO-39 


Table XII. 


Aiialysis of Variance of Width of Cheat, 
Final MeaauTeinenU of Steers. 


Group. 

Source 

of 

Variation. 

Degrees 
of Free- 
dom. 

Sums 
of i 

Squares. 

Mean 

Squares. 

1 

Standard 

Devia- 

tion. 

F. 

1931 

Total 

63 

38-7956 

_ 

_ 



Between breeds 

4 

6 3735 

1 

1 -59 

— 

2‘90 


Within breeds . . 

.59 

32 4221 

0-55 

0-73 



1930 

Total 

53 

33 4253 

— 

— 

— 


Between breeds 

4 

3 4735 

0-87 


1-42 


Within breeds . . 

49 

29-9518 

0-61 

0 78 



1929 

Total 

49 

37-3113 j 

— 

— 

— 


Between breeds 

4 

7-2418 

1-81 

— 

2' 71 


Within breeds . . 

45 

300695 

0-67 

0-82 

— 


Mean Differences. 


1 

1 

1 

1 

Hereford. 

Afrikander. 

Ab.-Angus. 

Shorthorn. 

1931 

i 

Sussex 

Hereford j 

Afrikander 

Ab.-Angus 

0-164r0-31 

0-54±0*26 

0-38±0-28 

0^56±0-26 

0-40±0-28 

0 02±0*28 

0*78±0*30 

0-62±0-31 

0 244:0-31 
0-224:0-26 

1930 

Not significant. 

! 

Afrikander. 

Ab.-Angus. 

Shorthorn. 

Sussex. 

1929 

Hereford 

Afrikander 

Ab.-Angus 

Shorthorn 

0 •644:0 *35 

0-8S±0-33 
0* 194:0 -33 

1*08 ±0-41 
0. 44 4:0-41 
0-254:0-39 

1 - 104 : 0*36 

0-624:0-37 
0-334:0 -36 
0-084:0 *43 
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Table XIII. 

Analysis of Variance of Heart Girth, 


Final Measvrernents of Steers, 


! 

Group. 

Source 

of 

Variation. 

Degrees 
of Free- 
dom. 

Sums 

of 

Squares. 

' 1 

1 

Mean 

Squares. 

Standard 

Devia- 

tion. 

F. 

1931 

Total 

63 

296 4961 

i 




Between breeds 

4 

45 9354 

11-48 

— 

2-70 


Within breeds . . 

59 

250 5604 

4-25 

2 06 


1930 

Total 

53 

369-3750 








Between breeds 

4 

52-7218 

13 18 

— 

204 


Within breeds . . 

49 

316 6532 

6-46 

2 54 


1929 

Total 

49 

290-4250 








Between breeds 

4 

61 -6708 

12 92 


2-43 


Within breeds . . 

45 

238 7542 

: 5 31 

2 30 



Mean Differences. 




Sussex. 

Ab.-Angus. 

Shorthorn. 

1 

Afrikander. 

1931 

Hereford 

Sussex 

A b. -Angus 

Shorthorn 

0 23 1 0 80 

1-4810-79 

1 25±0 74 

hS9±0>iiU 

1 664-0-85 

0 4li0-88 

2- 05 +0-79 
h 32 ±0-74 
0r)7i0-78 

0 16.4:0 88 

1930 

Not significant. 

Shorthorn. 

Afrikander. 

Ab.-Angus. 

Sussex. 

1929 

Hereford 

1 6911 17 

1 72i:0 98 

0 03±117 

2 42±0-94 
0-73i:l 11 

0 -70^0 -94 

! 

2 83±l-03 
1-14±1 21 
l li±l 03 
0-41±0-99 


Shorthorn 

Afrikander 

Ah. -Angus 


Tables XI to XIII show ihe differences in chest measurements 
between bleeds. The values of F for depth of chest are significant 
for all age groups (Table XI). The mean difl'erences in the 19^51 
group show^ a significant value only between the Sussex and the 
Afrikanders in favour of the former breed. In the 1930 group the 
Sussex are again significantly deeper in the chest than the Afri- 
kanders. In addition, the Sussex also prove significantly deeper 
than both Aberdeen-Aiigus and Shorthorns. Other mean differences 
are not significant. In the 1929 group the only significant differences 
are those between the Herefords on the one hand and the Aberdeen- 
Angus and Sussex on the other hand, in favour of the former. 

In wddth of chest the variance betw^een breeds is significant for 
the 1931 and 1929 groups (Table XII). In the former the mean 
differences are significant betw^een the Sussex on the one hand and 
the Afrikanders, Aberdeen-Angus and Shorl horns on the other. In 
the 1929 group the Herefords are significantly deeper than the 
Aberdeen-Angus, Shorthorns and Sussex, Other mean differences 
are not significant. 


667 



FACTORS AFFECTING GROWTH OF RANGE CATTLE IN SEMI-ARID REGIONS. 


In heart girth the variance between breeds is significant in the 
1931 and the 1932 groups (Table XIII). On analysis the mean 
differences show that in the former age group the measurements of 
the Herefords -are significantly greater than those of the Shorthorns 
and Afrikanders. In the latter age group the Herefords exceed the 
Aberdeen-Angus and Sussex in a significant degree. The mean 
differences between other breeds are not significant. 

Table XIV. 


An/ilysis of Variance of Width of Loin. 
Finul Mea,nirevients of Steers. 



Source 

Degrees 

Sums 

Mean 

Squares. 

Standard 


Group. 

of 

Variation, 

of Free- 
dom. 

of 

Squares. 

Devia- 

tion. 

F. 

1931 

Total 

63 

21 -OBTS 





Between breeds 

4 

4 4647 

1 12 


3 76 


Within breeds . . 

59 

17 5031 

0*30 

0*54 



1930 

Total 

53 

26 6309 


- 

- 


Betw’een breeds 

4 

9 8736 

2*47 

— 

7 22 


Within breeds . . 

49 

16*7573 

0 34 

0*58 



1929 

Total 

49 

27*8263 

— 

— 



Between breeds 

4 

10 6203 

2 65 

— 

6 94 


Within breeds . . 

45 

17 2060 

. 0 38 

0*62 

— 


Mean Differences. 




t 

Shorthorn. 

Hereford. 

Ab.-Angus. 

Afrikander. 

1931 

Sussex 

Shorthorn 

Hereford 

Ab.-Angus 

0 40i:0*22 

0-54±021 

0 14i0 -Xi 

(h54±()'20 

0 4^0*23 
0*00 

0-74±0--^0 
0 34i:0 -23 
0-20-fc0-21 

0 -2010 21 



Ab.-Angus. 

Shorthorn. 

Hereford. 

Afrikander. 

1930 

Sussex 

Shorthorn 

Hereford 

Ab.-Angus 

0 e9±0 24 

0 72i:0 27 

0 03±0*25 

0 76±0 28 

0 06i;0 26 
0*03i0*28 

1 23±0 24 

0^54±0-22 
0*51 ±0*25 
0*48±0 26 



Sussex. 

Ab.-Angus. 

Shorthorn. 

Afrikander. 

1929 

Hereford 

Sussex 

Ab.-Angus 

* Shorthorn. 

0*38±0*28 

0 65±0‘25 
0*27±0-27 

0-84±0-31 

0 *46^0 *32 
019±0*30 

1 35±0 26 

0 97±0 26 

0 70i:0 26 

0*51±0*3i 


It will be noted that the breeds do not maintain the same relative 
positions to each other in the three age groups in respect of chest 
measurements. In the 1931 and 1930 groups the Herefords and 
Sussex show the highest values for each of these measurements while 
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in the 1929 (oldest) group the Sussex have the smallest values for 
these measurements, A possible explanation for this inconsistency 
in the behaviour of the Sussex may be sought in a differential growth 
rate at different ages. This view is supported by the fact that the 
Sussex showed the second highest average depth of chest and heart 
girth, in tlie initial measurements of the 1929 group jit the age of 
20 months as conii)ared with the highesi and sec ond liighest averages 
respectively at the same age in the 19.‘]0 and 1901 groups. Similarly 
in width of chest the average initial measurement of the animals of 
this breed are midway between those of the other breeds and onl> 
slightly below that of the Herefords. 


Table XY. 

Analysis of Variance of Width at Iloohs, 


Fmal M casurvmcnts of Sffcrs, 



Source 

Degrees 

Sums 

Mean 

Scjuares. 

Standard 


(;lrowp. 

of 

of Free- 

of 

I )evia- 

F. 

A’ariation. 

doni. 

Squares. 

tion. 


1031 

Total j 

63 

23 8302 

• 




Between breeds i 

4 

8 3190 

2 08 

— 

7 91 


1 

Within breeds . . j 

59 

15 5112 

0 25 

0 50 

! - 

1930 

Total 1 

53 

02 9503 

— 

— 

1 


Between breeds | 

4 

21 8905 

5 47 

— 1 

1 6 53 


1 Within breeds . . j 

49 

41 0598 

0 84 

0 91 


1929 

Total 1 

49 

54 7513 

— 





j 

Between breeds | 

4 

37 0389 

9 26 

— 

23 52 


I 

Within breeds . , | 

45 

17 7124 

0 39 

0 63 



Mean J)ifferbnce.s. 



Hereford. 

Ab.-Angus. 

Shorthorn. 

Afrikander. 

Sussex 

Hereford 

Ab.- Angus ..... 
Shorthorn 

0 171019 

0 * 541 : 0*18 

0 37±019 

0 64d-0 21 

0 ' 47 ± 0'22 
0- 101.0 -21 

1 7410 18 

1 5710 19 

1 2010 19 

1 1010 21 


Shorthorn. 

Hereford. 

Ab.-Angus. 

Afrikander. 

Sussex 

Shorthorn 

Hereford 

Ab.-Angus 

013 JrO-42 

0 14^0-43 

0 01 ±0-44 

0’20±0 37 

0 07 1 0-40 

0 0610-41 

1 5210 38 

1 3910 39 
1 * 3810*40 

1 3210 35 


Sussex. 

Shorthorn. 

Ab.-Angus. 

Afrikander. 

Hereford 

Sussex 

Shorthorn 

Ab. -Angus 

0*81 ±0 28 

0 * 08 : 1:0 32 

0 17d:0 33 

1 5410 26 
0*7310 27 

0-5610-30 

2 4110 27 

1 0010*28 
1*4310 32 
0*8710 28 
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Table XVI. 

Analysis of Variance of Width at Thurls. 


Final Measurements of Steers. 


Group. 

Source 

of 

Variation. 

Degrees 
of Free- 
dom. 

Sums 

of 

Squares. 

Mean 

Squares. 

Standard 

Devia- 

tion. 

F. 

1931 

Total 

63 

36*9961 



_ 


Between breeds 

4 1 

8-8739 

2 22 

— 

4 65 


Within breeds . . 

69 

28 1222 

0 48 

0-68 



1930 

Total 

53 

25-0834 

— 

— 

— 


Between breeds 

4 

8-9401 

2-23 

— 

6*78 


Within breeds . . 

49 

16 1433 

0-33 

0-57 



1929 

Total 

49 

34-4108 

— 

— 

— 


Between breeds 

4 

16-3589 

4-09 

— 

10 20 


Within breeds . . 

45 

18-0519 

0-40 

0-63 

— 


Mean Differences. 




Sussex. 

Shorthorn. 

Ab.-Angus. 

Afrikander. 

1931 

Hereford 

Sussex 

Shorthorn 

Ab. -Angus 

017±0-26 

0-60±0-29 

0-33±028 

0'e6±0-2(} 

0-49+0-25 

0-16+0-29 

0 73±0 28 

0-56±0-2S 

0 234-0-29 
0-07±0 26 



Shorthorn. 

Hereford. 

Ab.-Angus. 

Afrikander. 

1930 

Sussex 

Shorthorn 

Hereford 

Ab.-Angus 

0-10±0-26 

0 

0-13^:0-27 

0 03±0 28 

0 44+0 23 

0 34+0-25 

0 31+0-26 

0 91 +0 24 

0 81+0 24 

0 78+0 25 

0^47 ±0-22 



Sussex. 

Shorthorn. 

Ab.-Angus. 

Afrikander. 

1929 

Hereford 

Sussex 

Shorthorn 

Ab.-An^us ..... 

1 25d=0 28 

1.28±0 32 

0 03±0 33 

1 36+0*26 

0-11+0-27 

0-08+0-31 

1 52+0 28 

0 27+0-28 
0-24+0-32 
0-16+0-26 


The measurements of width in the hindquarter are analyzed in 
Tables XIV to XVI. The following measurements are incduded : 
width of loin, width of thurls and width at hooks. 

In width of loin (Table XIV) the variance between breeds is 
highly significant for all age groups. In the 1931 group the Susvsex 
exceed the Hereford, Aberdeen-Angus and Afrikanders in a signifi- 
cant degree. In the .1930 poup this breed exceeds all other breeds, 
the differences being highly significant. In this group the Afri- 
kanders also prove to be significantly narrower in the loin than the 
Aberdeen-Angus and Shorthorns. Likewise, in the 1929 group the 
Afrikanders are significantly smaller in the loin than all other breeds 
except the Shorthorns. In this age group the Herefords also exceed 
the Aberdeen-Angus and Shorthorns in a significant degree. 
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In width at hooks the breed differences are also highly signifi- 
cant for all age groui)s. In each group the Afrikanders show signi- 
ficantly smaller figures than all other breeds. In the 1931 grouj) 
the figures foj* the Sussex and Herefords are significantly higher 
than those of Ihe Shorthorn. In addition, the Sussex exceed the 
Aberdeen-Angus to a significant extent. In the 1929 group the 
Herefords and Sussex also exceed the Aberdeen-Angus and in addi- 
tion the Herefords exceed the Sussex and Shorthorn. 

In width at t hurls (Table XVI) the Herefords exceed the Afri- 
kanders in all age groups. In the 1931 gKmp they also exceed the 
Aberdeen-Angus while the Afrikanders are exceeded by the Sussex. 
In the 1930 group the Afrikanders are exceeded by all groups in a 
higlily significant degree. In the 1929 group the figure for the 
Herefords is significantly higher than those for all other breeds. 

It will be noted lhat the respective values of F are exceptionally 
large for all three measurements. This is largely the result of the 
large mean differences between the Herefords and Sussex at the one 
extreme and the Afrikanders at the oUu^r extreme. The other breeds 
fall between these extremes and the tnean differences between these 
are small and mostly insign ifi(‘ant. 


Table XVIl. 

Ajialysi-s of VarKutre of T)epjh of Flnoh. 
Final Meai^KrementR of Strers. 


Croup. 

Source 

of 

Variation. 

Degrees 
of Free- ; 
doin. 

i 

Sums 

of 

Squares. 

Mean 

8({uares. 

Standard 

Devia- 

tion. 

F. 

1931 

Total 

! 63 

48 0933 





Betwwii breeds 

4 1 

9 7578 

2 44 

— 

' 3 75 


Witiiin breeds , . 

1 

59 1 

38 3355 

0-65 

0 81 

— 

1930 

Total 

53 i 

66 0429 

1 

— 

— 

i 

Between breeds 

^ ! 

5 8912 

1-47 1 

j 

1-20 


Within breeds , . 

49 j 

60 1517 

1 23 

111 

— 

1929 

Total 

49 

49 7200 

— i 

— 

— 


Between breeds 

5 

1 20 7804 

5-19 

— 

7 62 


Within breeds . , 

45 

[ 28-9396 

0-65 

0-81 

_n_ 


Mean Differences. 




Afrikander. 

Sussex. 

Shorthorn. 

Ab. -Angus. 

1931 

Hereford 

Afrikander 

Sussex 

Shorthorn 

0 03±0'31 

0 17±0-31 

0 -14^0 -29 

0-86 ±0^36 
0’83±0-34 
0-69±0-33 

0-89^0’31 

0S6~±0-30 

0’72±(h29 

0 03^:0 -34 

1930 

Not significant. 

Hereford. 

Shorthorn. 

Sussex. 

Ab.-Angus. 

1929 

Afrikander 

Hereford 

Shorthorn | 

Sussex j 

0-41i:0-36 

1-24d=0*41 

0-83±0‘40 

1*49i:0*36 

108±0-36 

0 *25^0 ’42 

1 55±0 33 

1 14±0 33 

0-31±0-39 

0’06±0-33 
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lief erring* to Tables XVII and XVIII it is seen that the mean 
differences between breeds in the 1931 group are significant for depth 
of flank (Table XVII) but not significant for flank girth (Table 
XVIII). In the case of the former measurement the Herefords, 
Afrikanders and Sussex are significantly deeper than the Shorthorns 
and Aberdeen-Angus. 

In the 1930 group the differences are not significant for either 
measurement. In the 1929 groups the figure for the Herefords is 
significantly higher than all other breeds in respect of flank girth, 
and significantly higher than those of the Shorthorns, Sussex and 
Aberdeen-Angus in respect of depth of flank. The Afrikanders rank 
second in flank girth and first in depth of flank. In th^ latter this 
breed exceeds all breeds, except the Herefords, in a significant 
degree. 


Table XVITI. 

Analysis of Variance of Flank Girth, 
Final Measvrcments of Steers. 


Group. 

Source 

of 

Variation. 

Degrees 
of Free- 
dom. 

Sums 

of 

Squares. 

Moan 

Squares. 

Standard 

Devia- 

tion. 

F. 

1931 

Total 

63 

414-7874 

1 




Between breeds 

4 

53 -6898 

13 42 

— 

2-19 


Within breeds . . 

59 

361 -0976 

, 6-12 

2 44 

— 

1930 

Total 

63 

476-0787 

— 

— 

— 


Between breeds 

4 

22-1710 

5-64 

— 

1-67 


Within breeds . . 

49 

1 453-9077 

9-26 

3-04 

— 

1929 

Total 

49 

190-3800 

— 

— 

— 


Between breeds 

4* 

66-0683 

16-51 

— 

5 98 


Within breeds . . 

45 

124-3217 

1 

2-76 

1-72 

— 


Mean Differences. 


1931 

1930 

Not significant. 
Not significant. 

Afrikander. 

Ab.-Angus. 

Shorthorn. 

Sussex. 

1929 

Hereford 

Afrikander 

Ab.-Angus 

Shorthorn 

2-14±0 78 

2 8T±0 70 

0-73±0-70 

ooo . 
-H+l-H I 

MOO 

2 91d:0 77 

0-77±0-77 

0-044:0-74 

0-00 


In length of pelvis (Table XIX) only the 1929 group shows 
significant mean differences. The value of F = 9*575 is very highly 
significant but the heterogeneity is largely due to the high figure 
for the Herefords. The mean differences between this and all other 
breeds are highly significant. The mean difference between Short- 
horns and Sussex is also significant. 
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The Afrikanders show the smallest values in coiiforinity with 
the other measurements of the hindquarter. 

Table XX shows the analysis of variauee of paunch girth. The 
mean diflferen(‘es l)ptweeri bieeds are not significant for the 1931 and 
1930 grouj)s. Ill the 1929 groups only the Tierefords exhibit a sig- 
nificantly higher figure than the oiher breeds except the Sussex. 

The relatively large standard deviations indicate that there is 
great variation within the breeds. It should he noted that in the 
case of the 1930 group the variance within breeds is greater than 
tliat between breeds altliougb not significantly so. 

The results obtained by analysis of variance of all body measure- 
ments are interiireted to show that the breeds used in this exjrerinient 
may be variously grouped into two categories de])ending upon tlie 
measurements involved. 


Taulk XTX. 

Analysis of Variance of Tjcngtli of Pelvis. 
Final Mcasvrenivnfs. llalf-hrecl Steers. 


! 

(ironp. 

Source 

of 

Variation. 

1 )egreeH 
of Free- 
dom. 

Sums 

of 

Squares. 

, 1 

j 

1 Mean 
t Squares. 

i 

Standard 

Devia- 

tion. 

i 

F. 

1931 

Total 

! 

S 63 1 

i 

24 9900 


! 



il(*twoen breedn 

4 

2 7824 

0-69 



1-85 


Within bret*ds . . 

59 

22 2166 

(>•37 

0-61 1 

— 

1930 

Total 

53 

28 3304 

— 

— 

— 


Between breeds 

4 

3 5803 

0*89 1 

— 

1*77 


Within breeds , . 

49 

24 7501 

0 50 

0 71 

— 

1929 

Total 

49 

31 0313 

_ 

— 

— 


Between breeds 

4 

14 2792 

3 56 

— 

9 57 


Within breeds . . 

45 

16 7521 

0 37 

0-60 

— 











Mean Differences. 


1931 

Not significant. 





1930 

Not significant. 

Shorthorn. 

Ab.-Angus. 

Afrikander. 

Sussex. 

1929 

Hereford 

0-74±0 30 

1 21d:0 26 

1 25i:0 26 

1 44±0 27 


Shorthorn 

— 

0-47 ±0*29 

0 -51^0 30 

0-70±0>S2 


Ab. -Angus 

— 

— 

0 04^0 -25 

0 -231:0 -26 


Afrikander 




019±0-27 


In height at withers and height over hips the Afrikanders con- 
sistently show the highest figures and the Aberdeen-Angus the 
lowest. The other breeds fall somewhere in between with no con- 
sistent order. However, the Shorthorns and Herefords rank closer 
to the Afrikanders, while the Sussex are more nearly of the same 
size as the Aberdeen Angus. 
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Table XX. 


Analysis of Variance of Paunch Girth. 


Final Measurements of Steers, 


Group. 

Source 

of 

Variation. 

Degrees 
of Free- 
dom. 

Sums 

of 

Squares. 

Mean 

Squares. 

Standard 

Devia- 

tion. 

F. 

1931 

Total 

63 

592 7109 


! 

^ 


Between breeds 

4 

88*2303 

22*06 

— 

— 


Within breeds . . 

59 

504*4606 

8*55 

2*92 

2*58 

1930 

Total 

53 

562 2593 

— 

— 

— 


Between breeds 

4 

16*7879 

4*19 

— 

— 


Within breeds . , 

49 

545*4714 

11*13 

3 33 

2*65 

1929 

Total 

49 

331*1300 

— 

— 

— 


Between breeds 

4 

91 1301 

22*78 

— 

— 


Within breeds . . 

45 

240*9990 

5 33 

2 31 

4 27 


Mean Differences. 


1931 

1930 

Not significant. 
Not significant. 

Sussex. 

Afrikander. 

Shorthorn. 

Ab.-Angus. 

1929 

Hereford 

Sussex 

Afrikander 

Shorthorn 

201i:l*04 

‘^■28±0-9S 

0 -27^1 04 

2'56±1-J7 

0 55±1*22 

0 28i-M7 

3 88i:0 94 

1 87±1*00 

1 *60^:0*94 
l*32dbll2 


In chest measurements the Herefords and Sussex are at the one 
extreme and the Aberdeen-Angiis, Shorthorns and Afrikanders at 
the other. However, with increasing age the Sussex lag behind and 
are overtaken by the other breeds, the Herefords maintaining tlie 
lead. 

In development of hindquarter, the Herefords, Sussex and Short- 
horns fall into one class and the Aberdeen-Angus and Afrikanders 
into the second. In flank measurements the Afrikanders again show 
high values and are grouped with the Herefords while the other 
breeds constitute the second group wdth ajipreciably lower values. 

The tendency to develop a hump coupled wdth a relatively droop- 
ing rump with a consequent prominence in the sacral region, accounts 
for the high over-all relative height in the Afrikander. Apart from 
this ex(ieption, however, the sum total of all other measurements 
shows that the Afrikander and Aberdeen-Angus half-breds are sig- 
nificantly smaller in body build than the Herefords and Sussex. The 
Shorthorn, which is considered the largest and heaviest among the 
beef breeds falls between these two groups. 
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Table XXI. 

Mean Differences in Body Measurements hetxreen Males and Females at the age of 14 months. 

{Excess in favour of Males.) 

Inches. 


D. J. SCnUTTE, 


^ -H Ttl 

4^ -H 


cc© ifs g o 

M O M © ffO 

© (N o iri o -ri 

-H 1 41 41 


S'! O (N o o 

4-1 H 


oooooo 

4] I 4i 41 


©ooo-<o 

41 41 41 



' © ^ © 'M O 

41 41 41 


© --< - 

-H 41 41 


(M PM fN PM -it F-i. 

41 41 II 


® S’ 

yea 

M CS <0 

« *-5 


5 . S E 

i i i 




<N 


1 1 " i 1 ■? 1 

* 

1 * 

1 CO 


'© ' 

© 

(N 

f N 

. IN . 


© 

1 t’? 1 1*1 


1 ^ 1 

19 

^ w 

M 




. !S? . 


. © 

1 1 • 1 1'?' 1 

1® 1 

1 1 

1 ^ 

pH © 

pH 

iH 

GO 

M la 'M 

h* ^ 

© © 

© 

1 1 00(M 1 

'^O 1 

©w 1 

©© 

M(M OO 

©-H 


21 

10 

© p^ © © © © 1- 

© pH pH 


*a -M -N I'- © © © © © © © -^ O l>i « 

©'Nt'p©f-^©»C®©X 

PH Jp ^ 

© t> 

©WI>©’<t'M'^«©'^©©© 


© ca <M « © © 


© ^ © PH Hj( 

't © 

©rt©-^ 1 



© 


©^(N®'t'M©H}<C>J© 

(M © P* (M 


-n ^ 

rH 



I - pO ; © - pfi - pfi 


676 



FACTOES AFFECTING GROWTH OF RANGE CATTLE IN SEMI-ARID REGIONS. 


Sex Differences. 

In view of the fact that comparable measurements are not avail- 
able for the females it is not possible to determine accurately sex 
differences for the various body measurements. However, it is 
possible to compare the means of the sexes for the dates on which 
final measurements were taken on the heifers. Such comparison is 
necessarily unsatisfactory but it will serve to furnish some idea of 
sex differences in body shape. In the following table mean differences 
between males and females are given for the most important measure- 
ments on a specified date. Standard errors of mean differences have 
not been calculated but the standard deviations obtained for corres- 
ponding final measurements of all steers are indicated in brackets. 

It will be seen from Table XXI that the steers exceed the heifers 
in body measurements in all three age groups. The sex differences 
are greatest in the following measurements : Height at withers, 
height over hips, width of loin and body length; and least in length 
of pelvis, width at hooks and heart girth. Although the differences 
are relatively small in certain measurements, they are consistent 
throughout except in the case of width at hooks and heart girth in 
which the females exceed the males at certain stages of development. 
It is, of course, a well-known phenomenon in cattle as well as in 
some other species of farm animals that development of the pelvic 
region relative to the other body parts is greater in the female than 
in the male. 

It would appear that the females of the same breed are less 
uniform in shape of body than the males of such breeds but the breed 
averages do not vary greatly. In order to test this point five measure- 
ments for which the 1929 groups of steers show highly significant 
breed differences were selected and analyzed for the 1929 females. 
The latter, however, were four months younger than the steers when 
these measurements were takan. 

In the last column of Table XXII the standard deviations of 
the same measurements for the 1929 steers are indicated. It will 
be observed that the standard deviations of the chest measurements 
and paunch girth are greater for the females. That for height at 
withers is equal to that of the males while in heig^ht over hips the 
females show a comparatively small standard deviation. 

In comparing the values of F it is observed that in the case of 
height over hips only is the figure significant as compared with highly 
significant figures for all five measurements iff the case of the steers. 
Hence it is concluded on the basis of these five body measurements 
that there is less difference between breeds in the females than there 
is in the males. 

It should be pointed out that the figures used for the females in 
this analysis are those obtained from the measurements taken in 
January 1933, at the termination of nine months lactation. If the 
above body measurements are affected to any extent in the growing 
animal by lactation, it is possible that the differences between Here- 
fords and Aberdeen -Angus are minimized since a higher percentage 
of the animals in the former breed passed through a period of lac- 
tation. Conversely, the differences betw^een the Afrikanders, on the 
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one hand, and the Shorthorns and Sussex, on the other, might be 
exaggerated in view of the higher calving percentage among the 
former. On the average, however, it is not expected that the means 
of the females as a whole are greatly influenced by the differential 
calving rate. 

GENERAL DISCUSSION. 

The results obtained from the analysis of both live w^eights and 
body measureuieiits tend to show that there are significant differences 
in growth and devel()])inent between the breeds studied. The breeds 
may be divided into two groups, the first comprising Herefords and 
Sussex showing more rapid growth in all respects, except in over-all 
height, than the second group consisting of Aberdeeii-Angus and 
Afrikanders. Tlje Shorthorns occupy an intermediate position which 
is rather surprising and diffi(;ult to explain since the purebred Short- 
horn is (‘oiisidered one of the most early maturing and largest of 
all beef breeds. In his study of the w^eights of bulls, steers and 
heifers of the various beef breeds, Hammond (1920) found that 
Shori horns were aj)preciably heavier than Herefords, Sussex or 
Aberdeen-Angus. There is no basis of (omparison available for the 
Afrikander hut this breed is generally more rangy in conformation 
than any of the Briiish beef breeds. 


There is no satisfactory method for expressing relative size in 
exact mathematical terms. Yapp’s (1923) dimension-weight index, 
when applied to the present data, gives the following figures: — 


Age Group. 

1921). 

1930. 

1931. 

Sussex half-brvd*< 

4-962 

4-98S 

5-467 

Hereford half-bredfi 

1 5-038 

5- 178 

5-150 

Abi'rdcen- Angus half-bred^ 

5-132 

5 -040 

5-581 

Shorthorn half-bred-* 

5-310 

5-447 

5-583 

Afrikander half-bred> 

5-330 

5-583 

5-540 


These figures are in substantial agreement with the al>ove classi- 
fication of the breeds. It should be noted that the dimension-weight 
index diminishes with age as pointed out by Yapp. The index of 
the Shorthorns at any age is practically the same as that for the 
Afrikanders. This show’s that the former were comparatively as 
rangy as the Afrikanders. What is the explanation for this incon- 
sisten(‘y in the development of the Shorthorn half-breds? It is 
difficult to estimate the relative importance of environmental and 
genetic factors involved in the grow’th of the animal. In this case 
all breeds were exposed to more or less similar environmental con- 
ditions. Fnder natural range conditions the cattle are dependent 
upon the natural pasturage for their nutritional requirementvS 
throughout the year. The seasonal effects upon the development of 
these animals has been clearly demouvstrated in preceding pages. The 
supply of natural forage is intimately associated with season and 
the question of seasonal influence on growth and development resolves 
itself largely into one of nutrition. Other seasonal factors, such as 
temperature and humidity, undoubtedly also exert some influence but 
the nutritional factor appears to be the most important. 
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No explanation is offered for the peculiar behaviour of the 
Shorthorn balf-breds. It is possible, of course, that the pure-bred 
bulls used were exceptionally poor specimens of the breed although 
precautions were taken to ensure that they should be representative. 
Alternatively, the Shorthorn may not be so well adapted as the other 
breeds to the severe cliiniitic conditions, including poor feed sujiply, 
obtaining under these conditions. It is believed, however, that an 
explanation must be sought in a combination of these fa(?toTS. The 
bxills when purchased as young animals, showed comparatively good 
type but they became more rangy at maturity. The question as to 
whether they pixiduced rangy offspring because they were of a more 
rangy constitution genetically than the average of the breed or 
whether both the bulls anrl their offspring developed ranginess con- 
sequent upon conditions of severe climate or inadequate nutrition, 
remains unanswered. Attention is drawn to the fact that the 
dimension-weight index of the Shorthorns in the youngest (1931) age 
group is approximately the same as those of all other breeds, with 
the exception of the Hereford, but show^s relatively little change 
with increasing age. For purposes of comparison the dimension- 
weighi index of the dams of the 1929 group is given below: — 


Di inmsion- W eigh t 
Index, 


Dams of Sussex half-breds 5*011 

,, ,, Hereford half-breds 5*230 

,, ,, Aberdeen-Angus half-breds 5*202 

,, ,, Shorthorn half-breds 4*978 

,, ,, Afrikander half-breds 5*282 


It will be seen that the figure for the dams of the Sliort horns 
is the low^est, indicating the least ranginess, although the differences 
between all groups are relatively unimportant. 


There is no satisfactory method of measuring the relative “ i)re- 
poteiicy ” of the sires of different breeds used. The limited number 
of sires (two of each breed) and the fact that no breeding records 
of individual bulls of the same breed were kept preclude the use of 
sire-oft'spring correlations. Only well defined breed (‘haracteristics 
such as the colour pattern of the Hereford^ the polled (‘ondition of 
the Angus and th^ distinguishing features of the Afrikander, viz., 
sleekness of ooat, loose skin and a tendency to develop a hump are 
clearly showm in the offspring. These traits may be easily observed 
in the illustrations of half-bred calves of different breeding shown in 
Appendix figures 33 to 37. More or. less typical half-bred cows of 
the different breeds are illustrated in Figures 38 to 43. 


In the discussion on the comparative weights of dams and 
daughters it was observed that the difference in average weights 
between dams and daughters was exceedingly small and the question 
was raised whether any improvement has been brought about by the 
use of pure-bred bulls on the nondescript cow^s. The situation is 
identical in regard to all body measurements. The daughters were 
only 48 iponths old at the time the final weights were taken and 
consequently had not reached maximum development in body size 
but it is doubtful if they would exceed their dams in weight to any 
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marked extent even at maturity. Hansen (1925) states that the 
Black and White Lowland cattle of Eastern Prussia do not show" 
any ai)preciable growth in w^eight after 4 years of age but Hammond 
(1920) states; The continental breeds on the whole show" slightly 
greater early maturity ratios than those of the British breeds — for 
bulls: Simmentaler 80*2 per cent.. Black and White Lowland 88'4 
I)er cent, and Allgau 80*9 per cent.” 

In the crossing of two distinct races or breeds of animals the 
offspring usually exhibit increased size and vigour over the parental 
types due to the phenomenon of heterosis, especially where there 
lias been some inbreeding in the parental strains. Visual appraisal 
of the animals failed to indicate marked heterosis in these half-breds, 
parli(‘ularly in the case of tlie females. This may be due to the fact 
that their dams w^ere not representative of a distinct type since blood 
of the F]uropean and British breeds have been introduced into the 
native stock at various times. Better results might be expected if 
COW’S of the distinct native types had been used as some of these types 
have been bred along the same lines for many generations and in- 
breeding in various degrees commonly occurred — usually uninten- 
tionall.x . 

The inheritance in animals is controlled l)y genes wdiich may be 
either specific or general in their effects. It would appear fi'om data 
on the Afrikander that height over hips may be controlled to some 
extent at least, by specific genes. The same applies to height over 
withers. The possibility of the existence of ‘‘ group ” factors for 
hip lieight, wither height and hump in the Afrikander, must also 
be considered. From his analysis of growih data on the rabbit, 
Wright (1982) concludes that the influence of general size factors 
preponderates but he found indications of such group factors affect- 
ing head growth apart from general size, others for fore-limbs and 
hind-lim])s collectively, and a third group for the hind-limbs 
separately, (ireg-ory (1988) from his studies on the inheritance of 
size in dairy cattle found indications of at least three different 
genetic (‘ompositious iinolved in height. 

The following dam-offspring correlation coefficients were obtained 
for live weight and certain body measurements specified: — 

Dam^Offs p n n (j 
Correlations. 


Height at withers '3S 

Width at thurls 32 

Width at hooks 31 

Live w"eight *27 

Body length 24 

Heart girth -18 

Width of chest 13 

Depth of chest *10 


The above correlations are a weighted average of the correlations 
within the various breeds computed by the method of analysis of co- 
variance after Fisher (1933), by means of which the ilecessary correc- 
tions have been made for group (breed) heterogeneity. 
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It will be noticed that the figures for live weight, height at 
withers, width at thurls, wddth at hooks and body length are signi- 
ficant. That for heart girth borders on significance while those for 
width and depth of chest respectively are not significant. It is 
possible by the application of Wrigth's (1921) formula for the parent- 
offspring correlation to estimate the proportion (h^) of the variance 
within each group due to heredity assuming that there is no domi- 
nance or interaction (nicking'), mating being at random w ithin groups 
as in the present case. 

V, - 1/2 

then has the following values for the different traits: — 

Variance, 

HereJitary, Envi rovvicnfal. 


Heigth at withers 

•7G 

•24 

Width at thurls 

•64 

•30 

Width at hooks 

•02 

•38 

Live weight 

• 54 

•40 

Body length 

•4cS 

•52 

Heart girth 

•80 

•04 

Width of chest 

•20 

•74 

Depth of chest 

•20 

•80 


The figures in the last column indicate the proportion of the 
variance in different body traits, within the animals under the con- 
ditions of this exxjeriment, due to factors other than genetic ones 
which can be expressed as combining additively. 

It wall be observed that a high proportion of the variance found 
in height over wdthers is hereditary and this measurement is 
apparently least affected by lexternal agencies. Likewise in width at 
thurls and width at hooks more than 60 i)er cent, of the variance is 
genetic. In body length more than half the variance is shown as 
due to environmental factors. However, this measurement is in- 
fluenced to a considerable extent by the position in which the animal 
stands at the time of measuring and is probably not very accurate. 
Random inaccuracies wrould increase the proportion of variance listed 
in the above correlation as environmental. 

In the case of the chest measurements it would appear that thv^ 
variance is but slightly hereditary. The extremely small correlation 
coefficient for depth of chest is difficult to explain. While heart 
girth and width of chest'^are known to be influenced to a considerable 
extent by environmental factors one would not expect the same 
situation in depth of chest which depends mostly upon dimensions of 
bones. 

In live weight approximately half of the variance in these 
animals is due to causes other than genetic in origin. This varying 
degree of susceptibility to environmental influences explains why 
such factors as seasonal fluctuations and feed supply exert a notice- 
ably greater influence on development in body weight and certain 
body measurements than on others in the present study as shown by 
the growth curves in figures 7 and 8. 
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In a study of the genetic constitution of pure-bred Jersey cattle 
in the United States, (lowen (19iW) found great variability in the 
relation between dam’s type and daughters’ type within certain herds 
but he concludes tltat inheritance accounts for most of the variation 
in the size of the animals, such environmental differences as do exist 
playing but little part in the ultimate constitution of the animals. 
It will be readily understood, of course, that high grade dairy cattle 
are usually kept under uniformly good conditions and that they are 
not likely to have been subjected to as extreme a range of environ- 
mental conditions as these range cattle in the Northern Transvaal. 
Furtherjuore it is quite probable that a fairly high degree of assor- 
tative mating genetically has occurred in the Jersey breed. 

The dam-offspring correlations in the present study clearly show 
the varying degree of susceptibility of various body traits to environ- 
mental influences. '^This leads to the conclusion that no sharp and 
universally vnlid line can be drawn between environmental and 
genetic factors in their relative importance in growth and develop- 
ment. Both have a physiological basis. In the words of Wright 
(Kidd) it is rather common “ to treat environmental influenc es as 
requiring detailed physiological analysis but to assume that assign- 
ment of an effect to heredity ends the matter. The genes carried in 
the nuclei of the cells can only control growth, or any other character, 
through i^hysiological channels, starting from primary effects on cell 
metabolism There is thus clearly jdenty of room for control of 
growth characters both by breeding and management. 


SUMMARY. 

Data are presented on the growth of range cattle over a period 
of four years in a semi-arid region of South Africa. A total of 170 
half-bred animals of five different breeds are included in this study. 

The data consist of live weights taken at bi-monthly intervals 
of all animals, and linear body measurements taken at bi-monthly 
intervals for a i)eriod of 2H months for three different age grou])s. 

Growth in weight is strictly seasonal from weaning to maturity. 
Those seasonal fluctuations are shown to be closely allied to monthly 
rainfall. The bulk of the annual precipitation occurs from November 
to February and the period of greatest relative growth iu weight lags 
ap]»roximately three months behind the period of lieaviest precipi- 
tation. 

The greatest increase in body weight occurs from January to 
March and the periods of smallest increase or greatest loss in weight 
occur from July to September. Body measurements are also in- 
fluenced by seasonal changes but to a lesser extent than body weight. 
The following measurements are least affected : height at withers, 
height over hips, body length, depth of chest and dejjth of flank. 
The measurements markedly influenced by season of the year are 
length of pelvis, width at hooks, width at thnrls, width of loin and 
width of chest. 
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Signifiraiit dift'erenoes between the sexes exist from birth, males 
being heavier than females. 

Sex differences in body measurements are not so marked, espe- 
cially ill the earlier age groups. When maturity is approached the 
steers exceed the heifers to a marked degree in all body measure- 
ments eiccept those of the pelvic region. 

The breeds may be divided into two classes in respect to weight 
and size, Ilerefords and Sussex comiJiising one class and Aberdeen- 
Angiis and Afrikander constituting another. The animals of the 
first class exceed tliose of the second class in weight and most body 
measurements. The Shorthorns occupy an intermediate position and 
tlie ])eculiar behaviour of this breed is discussed. 

The Afrikanders proved to have greater wither height and hi]) 
height than all other breeds. 

The relative iinpoitanct* of genetic, and environmental factors 
on the growth of the animals is discussed. 

It is shown that the variance in height at withers in this i)opu- 
lation is approximately three-fourths genetic* and one-fourth environ- 
mental in origin. In width at ihnrls and width at hooks more than 
60 i)er cent of the variance is genetic. The variance in body length 
and live weight is accounted for equally by genetic and environ- 
mental factors. In all (‘best measurements the variance a])pears to 
he only slightly hereditary. 

It is shown that the factor of nutrition plays a very important 
role in the growth of range cattle under the conditions of this experi- 
ment. It is not possible to determine from this st\id> >>hether ])eT- 
manent stunting results from inadequate nutrition hut it is concluded 
that growth is retarded and maturity delayed. 
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Fig. 13, — Average growth curves of steers. Heart girth. 
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Fig 14 — Average growth curves of steers Width at thuils. 
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Fig. 16. — ^Average growth curves of steers; Depth of flank. 
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Fig* 18.— Average growth curves of steers. Length of pelvis. 
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Fig. 19; — Arerage growth curves of steers. Flank girth. 

m. 




Fig. 20. — Average growth curves of steers. Width of loin. 
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Fig. 22. — Average growtli curves of steers. Height over hips. 
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l?ig 2J — A\erage giowth curves ot steers Width at hooks 



Fig. 24. — Average growth curves of steers. Paunch girth. 
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Fij 5. 2o — Illustrating the type of country. Note den«-o bush and bare 

granite hills. 





Fig. 20. — Type of unimproved cow.s used in the breeding operations. 
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Fig. 27. — Type of unimpraved cows used in the breeding operations. 
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Fig 2H.-~ Sires ot ilio Hereford linJf-hreds 
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Fig 20. — Sires of the Shorthorn half-breds. 
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Fjg 30 --Sires of tiie Sussex half-breds 
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Fig. 31.— Sires of the Afrikander half-breds. 
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Fig. 34. — Shorthorn half-bred calves. 
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Fig. 36. — Afrikander half-bred cahes. 
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Fig. 37. — Aberdeen-Angus half-bred calves. 



Fig. 88. — ^Hereford half-bred cow. 
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Fig4 40. — Sussex half-bred cow. 
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Fig 43. — Aberdeen- Angus half-bred cow. 
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Anatomical Study No. 60 . 


Some Comments on the Hump of 
African Cattle. 


By H. H. CUllSON, F.R.C.V.S., Dr.Med.Vet., and 

J. H. R. BISSCHOP, B.Sc.(Agric.), B.V.Sc., 

Veterinary Research Officers, Onderstepoort. 


iNTUOnUCTlON. 

As shown in Cursoii and Epstein's paper (1934), the parent stocks of 
African cattle are believed to have been 

(a) llamitic Longhorn with no hump, 

(h) Bracliyceros, also with no Juimp, 

and (c) Ijnighomed Zebu (called Afrikander in South Africa) 
with a well-marked hump, which “ does not fall abruptly 
on to withers, but slopes gradually ’’ (Eig. 6). 

Arising from the above are two chief intermixtures or types 
which have been described by Epstein {The Origin of Africa's Indi- 
genous Domestic Animals, Chapter IV, in preparation) as folloWvS : — 

(I) Shorthorned Zebu (of many sub-types). This he considers 
to represent the influence while still in Asia of Brachyceros on the 
Longhorned Zebu. The type, like its longhorned relative, is also 
humped, but the structure differs in several respects from that of 
the Afrikander (Fig. 7). 

And (II) Sanga, — Cattle of this type, occurring in Central and 
South Africa, are believed to be derived from the intermingling in 
North Africa of Hamitic Longhorn and Longhorned Zebu stocks. 
Sanga cattle, sometimes called Zebus, receive a separate sec- 
tion in Epstein’s work referred to above. As in the case of the 
Shorthorned Zebu and Brachyceros types, the terms Sanga includes a 
large number of sub-types (Fig. 8). 
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The 1)b.te(t of the Studt. 

While osteologrical evidence iiudoiibtedly supports Epstein’s con- 
tention, there are facts in legard to the soft structures, especially 
the hump, whi(*h call for further consideration. It is therefore the 
purpose of this work to lecoid observations made on tlie various forms 
of hump(^). 

As will be seen from the subjoined extracts taken from another 
valuable contribution {llie Red Afrikander also in preparation), 
Epstein says comparatively little that is helpful rej>arding the hump : 

(a) “ Zebu, in its oiig-inal form (/.c. Lon^-horned) is distin- 
guished from other species by its hump which consists of fat and 
muscle tiswsues It “ represents an accumulation of reserve mate- 
rials similar to the steatopygy of the Bushman and Hottentot 
women, the fat tail of various sheep and the humps of the (‘amel and 
dromedary ... In animals living in steppes (of Asia) the accumu- 
lations appear on those paits of the body where they uill not impede 
free movement. The humps of the Zebu cattle point therefore to a 
steppe country as the place of their evolution (p. 

(&) ** The penetration into Afiica by Semitic nomads with their 
Zebu cattle lesulted in “ contact with the longhorued cattle of 
Egypt which had accompanied the Hamites on their migiations to 
the w^est and south A consequence of this irnpaid “ as far as 
the cattle were concerned ” were changes mainly affecting ‘‘ the 
length of the horns and size of the hump ” (pp. fW and 64). 

And (c) The hump which appears in African cattle even 
more frequently than gigantic horns . . . issimply a product of cross- 
breeding(*). The same result of variation as is obtained from the 
generation F2 onwards by crossing thin and fat tailed sheep is 
apparent in the formation of the hump in most African breeds of 
cattle. According to the degree of admixture of Zebu blood to the 
Hamitic cattle of primigenius type, the hump is developed to a 
greater or lesser extent, or often entirely missing ” (p. 66). Indeed, 
there are breeds in eastern, western, central and southern Afrir a, 
. . . which must be regarded as pure Zebus, although in some of 
these breeds the hump has almost entirely disappeared ” (p. 66). 

The chief points contained in the above are that the hump of the 
Longhorned Zebu (i) consists of fat and muscle tissues, (ii) became 
altered in size through admixture in North Africa wdth Hamitic 
Longhorn cattle (giving rise to Raiiga cattle), and (iii) answers 
genetically in the same way as the crossing of thin and fat tailed 
sheep. 


(1) It must be emphasized that as far back a« 1916 Hornby, H, E, (now 
Director of Veterinary Services, Tanganyika), had demonstrated that the hump 
of the Shorthorned Zebu was asspciated with the M. rhomhoideun. He sent 
(letter 29/3/34) his notes to one of the authors (H. H. C,), and these have been 
placed in Departmental File 258/108. 

(2) This statement obviously refers to the Sanga type^ 
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C. Shepi)ard f-ruz (19d4), while not followin<»* the dassifiralion 
of Epstein, also does not eonsider that rattle of the Sanga type are 
“ derived from near or i emote projrenitors of Afrikander blood 

Our attitude is briefly thus. Whatever the orij^in of the Short- 
horned Zebus and Sanj^’a rattle, there are eeriain facts with regard 
to the humi)s which should be emphasised, riz. (a) the marked resem- 
blance of Loiio-horned Zebu and Sanga as would be expected in the 
light of E])j'teiirs theory, and (h) the striking difference between the 
humi)s of the Loiighorned Zebu and Sanga tyi>es on the one hand and 
the hump of the Shorthorn Zebu on the other. 

Furthermore, in view- of the fact that animal husbandrymen 
frequently speak of attached “ loose and “ modified humi)s, 
terms of little anatomical value, it is particularly necessary to make 
descriptions of the humj) available. 

Extehnai. Descuiption of Hump. 

(а) The official description of the Afrikander hump as published 
by the Afrikander Cattle Breedeis Society of South Africa (Bosnian, 
A. M. 1932) is given thus: — “ Large prominent and set rdosely to 
withers 

Viewed from the side the hump is situated in front of the withers. 
It occ upies the posterior two-thirds of the upper border of the neck. 
The structure is somewhat ])yramidal in shape and cranially it rises 
at an angle of about 40^ to a rounded apex situated well in front 
of the point of the withers. From this rounded a])ex the hump falls 
at an angle oi just over 30^ on to the withers and merges with it to 
form a unifoi iii and strong attachment. 

View’ed from ihe froni the humj) appears to sit snugly over the 
upper border ot the neck and is firmly attached to sides, from 
whicli it rises steepl\ c»t an angle of about 00® to 65® to a rounded 
summit. For this reason the hump of the Afrikander is sometimes 
symken of as l>eiug well attached. 

In the bull (Fig. 0) the huiny) is decidedly prominent, rising 
sometimes to S inches above the toyi-line. In oxen the structure is 
a little less prominent and in females it is lelatively smaller still. 
The hump is well develoyied even in a foetus, 

(б) Eyistein (The Origin of Africans Indigenous Domestic 
Aninmls) in referring to the Sanga type states that ‘‘ the tendency 
to be humped is more general (than the tendency to gigantic horns). 
It is true that the hump is not equally well develoy^ed in all Sanga 
breeds. In some it almost reaches the size of the humps of Indian 
Zebu's (i.e. of Shorthorned type) ... in others again, as in the 
cattle round Lake Chad, the majority are entirely hiimyiless and only 
individual animals are humped 

As shown above, he believes that according to the degree of 
admixture of Zebu blood to the Hamitic Cattle ...” so is the 
hump developed to a greater or lesser extent, or oflen entirely 
missing ”, 
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It is evident therefore that there is a wide variation in the size 
of Sanga humps, but as a typical example we may take the Ambo 
beast (Groenewald and Curson 1933 and Bisschop and Curson 1935). 
In the former paper the hump was described (in the cow) as being 
small and set well forward on withers In the latter it was 
described (in Bull 5010) as follows: — ‘^Situated in front of the 
withers and is well defined. Its anterior axial border passes up from 
the upper border of the neck to the apex of the hump at an angle 
of approximately 40^. From the apex to the withers the posterior 
axial border falls at an angle of about 30® to the horizontal. The 
hump is on the small size and is well attached to the neck 

It is thus evident that apart from size, the similarity in external 
appearance of the hump of the Afrikander and Ambo breeds is 
striking. 

(c) The hump of the Shorthomed Zebu (Fig. 7) is less constantly 
pyramidal than in the two previous types. Very frequently the 
structure is not only more prominent but also actually dome-shaped. 
Another common feature is the greater mobility of the hump espe- 
cially the lyosterior part due to its fatty nature. Most striking of all 
features is the inore caudal situation of the hump, a vertical line 
through the summit passing at least through two vertebrae behind 
a line similarly drawn in the Afrikander or Sanga types. In extreme 
cases of hump development the term “ loose may be applied, but 
it must be emphasised that anatomically it is nevertheless securely 
attached, particularly by the M. trapezius, avS will be indicated sub- 
sequently. The size of the hump varies greatly. 

In the description of Indian Zebus apart from a statement that 
the hump is well developed in ihe bull ’’ (Gunn 1909), no detailed 
account is available. Hofnby writes (letter L/48/49 of Nov. 17th, 
1934) that a Zebu foetus has a well-marked nump 


Source of Material for Study. 


Apart from the illustrations which accompany this study, the 
authors have made observations on native ty^pes of cattle throughout 
Southern and Eastern Africa. 

For dissecting purposes the source of material is also indicated 
in the explanations accompanying the various figures; but a special 
word of appreciation is due to Mr. H. E. Hornby, who sent Zebu 
(Shorthorned) humps from Tanganyika. To summarise, the anato- 
mical observations were made on yearling bulls 5572 and 5736 
(Afrikander), two humps of Shorthorned Zebu calves from Tangan- 
yika, and the Ambo bull 5010 as representing the Sanga type. A 
Friesland bull obtained locally was also dissected and the features 
were similar to those shown in Figs. 9 and 13. 
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Description of the Trapezins and RJioinhoideus in an 
Unhumped Animal (e.g. Friesland). 

As the above muscles are primarily associated with hump for- 
mation, it is advisable to describe them in the unhumped beast. 
Thereafter the features of the humped types will be tabulated for 
comparison. 


M, Trapezius. 

As in the horse this is superficial and fan-shaped. Its fibres 
extend from the dorsal aspect of the cervico-thoracdc region (atlas to 
about the tenth thoracic vertebra) to the scapula. As they descend, 
caudally from the cervical region and cranially from the thoracic, 
they converge and terminate in an aponeuiosis, which is inserted 
into the spina scapulae. The cervical and thoracic portions are, how- 
ever, not (dearly separated. The attachment of the fibres along the 
mid-dorsal line becomes more intimate as one follows the origin of 
the muscle backwards. The cranial lK)rder is firmly adherent along 
its anterior half to the M. cleidooccipitalisy and posteriorly to the 
il/. omotransversarl'us. The caudal border is attacdied by fascia to the 
M. latisslwus (lorsi w’hich in this region is covered by the sheet-like 
M. rutancus scapular et httvtrri. 


M. lihomboide'us. 

This muscle may be divided into a pars cervicahs and a pars 
thomcalis^ the former being most conspicuous and having fibres pur- 
suing generally a longitudinal direction, whereas the latter is rela- 
tively insignificant and has fibres running obliquely downwards and 
backwards. The origin is the pars occipitalis of the lipamentvm 
nuchae and its caudal j)rolongation, the Ugamentum svpraspinale, 
while the insertion is the medial surface of the cartilago scapvlae. 
The cervical part is pointed cranially, but as one proceeds caudally 
so does the muscular tissue become expanded. 

In the bull, even of the Brachyceros type, the above muscles as 
well as the M. splcnivs and M. serratus veritralisy are well developed, 
but it is only in special circumstances e.g. raising the head that a 
hump-like structure is obvious and when evident, it is always to he 
found in the anterior cervical region. It will be observed (Fig. 5) 
that no such hump-like elevation is apparent, but a definite dome- 
like stru(iture would be quite evident if the head w^ere elevated. This 
clearly muscular structure is strictly speaking not a hump in the 
usually acM epted sense of the word, and is sometimes referred to as 
the crest. 

An account having been given of the “ humpless ’’ beast, we 
may now tabulate the anatomical features encountered in the humped 
types. 
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(*) Two specimens, probably from bull calves, were kindly sent by Mr. H. E. Hornby, Director of Veterinary Services, Tanganyika. 

(♦) Since the cervic^ and thoracic parts of the 3/. rhomboid^us are not separated by any well defined structure, e.g. of fibrous nature, it is of coui 
pos»ble to consider the hump of the Shorthorned Zebu €ts a development of the pars posterior of the cervical part of 3/. rhomboidcus, Duerst (1931, p. 4 
considers that a fusion of the tao. parts has taken place. 



H. H. CUHSON AND J. H. li. BISSCHOP. 


Discussion. 

Epstein apparently believes that the hump of the Txmghorned 
Zebu (Afrikander) represents an accumulation of reserve material as 
seen in the steatopygy of certain native women, the fat deposits of 
certain native sheep and the humps of the camel and dromedary. It 
is clear from our observations that the comparison is not applicable, 
for whereas in the cases of fat accumulation there is a storage of 
reseiwe energy per se^ in the Afrikander this is not so. The same 
remark applies to the humj) of the Sanga t,>pe. 

Epstein is, however, perfectly correct if he extends the comparison 
to the hump of the Shorthorned Zel)u, for here definitely there is 
fat storage. Hornby’s comments, which would support Epstein, are 
as follows: At birth the musculature is well marked, but as the 

animal develoi)s this becomes more and more obscured by fat depo- 
sition. Even when the adult loses condition and the hump shrinks 
very greatly, the hum]) never regains the lean muscular state of 
(‘alfhood — a (‘ertain amount of fat and fibrous tissue persist 
(Letter L/48/49 of November ITth, 1934.) 

In the description of the M. rhomhoidens of the Shorthorned 
Zebu, reference is made to the muscular tissue acting as a framework 
of the hump. This disposition is well shown in Fig. 18, which should 
be (‘oinpared with Figs. 17 and 19. 

In the Afrikander and Sanga cattle, fat may also' occur, but it 
is usually distributed in layers, first subcutaneous, then bet^^een the 
.1/. irapezivs and M. rhomhoidcus, and finally beneath the latter. 
Ill an adult Afrikander hull the hump may weigh from Kg. 19 
upwards. 

P'rom a })erusal of the tabulated statement along wiih the corres- 
])onding figures, it is clear that (a) there is a great similarity both 
in situation and structure of the hump of the Longhorned Zebu and 
Ambo, and (h) tliere is a marked difference between the above humps 
and that of the Shorthorned Zebu. The aiiparent difference in the 
arrangement of the muscular fibres of ‘the Longhorned Zebu and 
Ambo need not be seriously considered, for in the hump of Afri- 
kander yearling bull 5572, the arrangement resembled that of ihe 
Ambo. It is of course evident that the drawings are diagrammatic 
and not to scale in view of the widely divergent ages of the subjects. 
See, however, P^igures 17-19. 

Ilelatively little seems to be known concerning the significance 
of the hump from an evolutionary point of view. While the inter- 
mixture of the Ijonghorned Zebu and Hamitic I^onghorn undoubtedly 
gave rise to the Saiiga type, the position is not so clear in regpd to 
the Shorthorned Zebu. The importance of further investigation in 
this problem is emphasised. 


Conclusion. 

The result of this study suggests that humps may be (classified : 

(а) According to situation — cervico-tKoracic and thoracic. 

(б) According to structure — muscular and museulo-fatty. 

(c) According to function — traction (locomotion) and storage 
of reserve fat. 

It is interesting that some cattle have humps and others not. 
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The similarity of the humps of the Afrikander and Sanga types, 
being cervico-thoracic and muscular is noteworthy in view of 
Epstein’s theory that the latter is derived from the intermixture of 
the Longhorned Zebu and Hamitic Longhorn. The dissimilarity 
between the above humps and that of the Shorthorned Zebu is 
striking. As just stated little is known regarding the significance of 
the hump from an evolutionary point of view. 
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ADDENDUM. 


A copy of Anatomical Study, No. 60, was submitted to Dr. H. Epstein 
who, in a letter to the Director of Veterinary Services, dated 1st August, 
1935, made the following comments: — 

Their (i.e. Messrs. Curson and Bisschop) conclusions lead to the 
question whether the similarity of the humps of the Afrikander and 
Sanga types proves the former also a Saiiga breed. On the basis 
of osteological comparison 1 am still inclined to deny this. Curson 
and Bisschop also seem te deny it, stating on p. 627 ‘ The inter- 
mixture of the Longliorned Zebu and Kami tic Longhorn undoubtedly 
gave rise to the Sanga type ’ and on p. 623 ‘ certain facts which 
should he emphasised, viz. (a) the marked resemblance of Longhorned 
Zebu and Sanga as would be expected in the light of Epstein’s theory ’. 
11, however, this similarity does not prove that the Africander carries 
Egyptian Longhorn blood, but merely that cattle of Afrikander type 
have contributed to the evolution of the Sanga, the dissimilarity between 
the above humps and that of the Shorthorned Zebu calls for an 
explanation. 

It is possible that, after the African Longhorned Zebu had branched 
off the main stem, a few thousand years more of domestication under 
the' ciiittHti’e' conditions of Asia have led there to a gradual change (higher 
evolutionary specialisation?) in the structure of the Zebu hump. 
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Jnvefetigations of the foetal humps (“) of Afrikanders and Shorthorned 
Zebus would probably answer this question, since it can be taken for 
granted that, if the hump of the Shorthorned Zebu was originally 
also cervico-thoracic and muscular, this would appear in one of the 
foetal stages. 

The second conclusion — one which 1 favour less than the former — is 
that the influence of Bracliyceros blood on the jZebu may have given 
rise to a change in the hump structure. To investigate this, it would 
be necessary to compare the humps of Shorthorned Zebus with those of 
the rare longhorned breds occurring in southern India. The picture 
of the skull of such a beast resembling the Afrikander skull to an 
extraordinary degree, is produced by Duerst in his An 'mal Uemains from 
the Excavations at Anau. 1 do not wish to imply that long or short 
horns in Zebus have any relation to the structure of the hump.^ I 
merely want to state that in some less accessible parts of southern India 
loiiglioriied Zebu breeds may exist that have preserved their original 
structure for thousands of years, just as the Afrikanders’ ancestors 
have. But I realise tliat it would he very difficult to carry out such 
investigations. 

Finally, both factors combined, the long period of domestication 
in Asia and the influence of Brachyceros cattle, may have caused the 
change in the structure of the hump.” 



Fig. 1. — ^African Brachyceros Cow and Bull Calf. (Curson and Epstein 1934.) 

IPhoto: Dr. P. du Toit. 


(•) Mr, Momby, on being approached as to whether the foetus of a Short- 
horned Zebu had a thoracic or servico-bhoracic hump, replies (letter L 260/10 
of 25/11/^ : (•) ** 1 have just had a look at a new-born slightly premature Zebu 
calf^ There was a definite though small hump which wa# thoracic in position, 

ft {W|is,ato miisculo-fatty in that althou^ no actual fat was preemit, the course 
of musele fibres wa^ net clear llie Afrikander foettis definitely has a 
efimcD-tlioracic bump of muscular structure. 





H. H. CUKSON AND J. H. U. BISSCHOP. 



Fig. 2.— Longhornod Zebu— Africa nder—*Cow and Bull Calf. (Epstein 1933.) 



Fig. 3.— SWthorned Zebu— Masai Ugogo— Cow and Bull Calf. (McCall 1928.) 
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Fig. 4.—South African Sanga—Ambo— Cow 3586 and Bull Calf 6010, 7 months. 
(Groenewald and Curson 1933.) 

[Photo: T, Meyer. 
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Fig. 6. — Longhorned Zebu — Afrikander — Bull 4327. T. Meyer, 
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'Shorthorned Zebu~Goldeii Dun Mkalama— Bull, 2 years. (McCall 1928.) 



H. H. CX’ltSON AN3J II. J{. HISSCHOP. 



Fig. 8. — South African Sanga — Ambo — Bull 5010. [P/iofo; T, Meyer, 





Fig. 9. — Cow of European Brachyceros type. Figure taken from Martinis Anatomie 
der Hauktierej iii Band, Fig. 131, page 238a. There is no hump. Superficial Dissection. 



Fig. 10.*-^I<on||^oriied SSebn-^i^ikande^t^uB 5786, showing ctrvieo4horacic 
namp with akin remov^ed htit M* irapmus intact. 
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IT. H. CURSON AND J. H. R. BISSCHOP, 



Fig. 1 1 Shorthorned Zebu — Tanganyika — Bull Calf (Hornby), showing thoracic 
hump with skin removed but M. trapezius intact. 



Fig. 12. — South African 8anga-*~Ambo — Bull 6010, 2 years 4 
months, showing cervico^thoracie hump with skin removed 
but Af. trapezius intact. 
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If. II. (‘UttSON AND ,1. H. R. mSSI^IIOP. 



Fig. 11. — Longliornetl Zebu —Afrikander —Bull 5736, showing cervico- 
fhorattr hump after removal of M. ttapezius. 
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Fig 15- — Bhorthorned Zebu — Tanganyika — Bull Calf (Hornby), show- 
ing thoracic hump with M trapezius removed It will be 
observed that the M rhombotacus is quite different from 
that in Brachyceros, Longhorned Zebu or South African 
Sanga type (e g Ambo). 
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H. H. CUIISON AND .1. H. H. BISSCHOP. 



Fig. 16. — Soutli African Sanga — Ambo — Bull 5010, showing 
cervico-fhoraac hump itself with M. trapezius 
removed. 
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Fig. 17. — Transverse s^tion (at summit) of hump of Longhorned Zebu — 
Afrikander — Bull 5572 over 2nd thoracic vertebra (II) J' = M. trapezius ; 

rhomboideus; 8=M. serratus ventralis; 8P==Af. spleniv.i, 
N = L. nuchae. Cranial View, f Natural size. 
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Fi<?. 18.— Transverse section (at summit) of hump of Shortliorned Zebu, Bull 
Calf (Hornby), over 4th thoracic vertebra. (IV). Distorted 
appearance due to tight packing in drum. Cranial view. 14 Natural 
size. 
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Fig. 19. — Transverse section (at summit) of hump of South African Sanga — 
Ambo — Bull 5010 over approximately 2nd thoracic vertebra. Cranial 
view, i Natural size. Letters have same meaning as in Fig. 17. 
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